pret 


Price 
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BRIGHT DRAWN | 


STEEL 


SQUARE EDGES 
BRIGHT FINISH 
TRUE TO SIZE 
i SUPPLIED 4” TO 3” THICK IN 
= WIDTHS TO 6” 

TO 2” THICK IN WIDTHS 
TO 12” OR IN EQUIVALENT 


METRICAL SIZES 
STOCKHOLDERS : 


‘LONDON: Brown Bros. Ltd., Buck & Hickman Ltd., Farmer, Stedall & Co., Mosers Ltd., W. & @ Tipple Ltd. ~ BELFAST: Kennedy 
Morrison Ltd. BIRMINGHAM: Charles Wade & Co.,Ltd. BRISTOL: Godwin, Warren itd. GLASGOW: john & 


\Charles Murray. HULL: Mosers Ltd. KEIGHLEY: John W. Laycock Ltd. LIVERPOOL: Mosers Ltd. MANCHESTER: Alfred 
‘Simpson Ltd. NEWCASTLE-UPON-TYNE: Ltd. NORTHAMPTON: A. H. Allen & Co., (Engrs.) Ltd- 
gNOTTINGHAM : Associated Engineering & Electrical Supplies Co., Ltd. 


UEXORS OF JAMES MILL 
BREDBURY STEEL WORKS AND. ROLLING 
WOODLEY Near STOCKPORT ENGLAND 


TELEGRAMS.“ MILLS" PHONE’ ‘woobter 


ODLEY 223! (10 LINES) 
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BRIGHT STEEL 


ROUNDS - HEXAGONS- 
SQUARES -FLATS & SECTIONS 


THE 


STEEL C?L” 


HALESOWEN 
Nr. BIRMINGHAM 


HALESOWEN 119% 


LONDON, S.W.1 VIC. 6992 


8 CHATHAM ST. 
MANCHESTER 1 CEN. 0413 


| | 68 VICTORIA ST. 


TUBES 


These special refractory tubes are a new development for 
temperatures above the limit of VITREOSIL (1050° C.) and 


below the range of the more refractory tubes of FUSED FOR USE AT 


ALUMINA, MAGNESIA, etc. 


MULLITE COMBUSTION TUBES can safely be used at TEMPERATURES 


_ temperatures up to 1500° C. under normal conditions, and 


practical tests in large steelworks’ routine laboratories have uP TO j 500°C 


_ proved them to be eminently suitable for use in electrically 
heated furnaces for determination of the carbon and sulphur 
 €ontents in steel at 1200-1300° C. 


Resistant to thermal shock and attack by iron oxide, and THE THERMAL SYNDICATE LIMITED 


relatively insoluble in most slags and glasses even where the ead Office: 


_ lime and alkali contents are appreciable, MULLITE COM- Wallsend, Northumberlard. 
__BUSTION TUBES are superior to porcelain in all respects. 


Write for descriptive leaflet giving prices. 12-14, Old Pye Street, Westminster $.W.1. 


| 
| / / | 
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OPPORTUNITY 


Many customers who have been held up for our M.S. sheets or 
tinplate are making use of our light alloys—often 
without alteration of tools or design. 


Our full collaboration is at your disposal. 


RICHARD THOMAS BALDWINS LTD. 


47 PARK STREET, LONDON, W.1 
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P E R F ECTA 


Throughout the world Perfecta thermostats are providing The Thermostat illustrated is 


most reliable and accurate 
and is designed for use with 
trial and domestic gas appliances. From central heating all é¢ on 


an indispensable service as part of a wide range of indus- 


plant and hot water systems in large factories to the industrial equipment. 
ovens in the local baker’s shop. in metal melting equip- 

ment, ice-cream manufacture and many other industrial 

processes, Perfecta thermostats are unobstrusively but 

effectively doing their job and, incidentally saving fuel. If 

you have any problem of temperature control bring it to 


our technicians whose wide experience is at your service. 


THOMAS DE LA RUE & CO., LIMITED - POTTERTON GAS DIVISION 
IMPERIAL HOUSE, 84 REGENT STREET, LONDON, W.I. + REGENT 2901 
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As soon as g (for gravity) looks like making anything weightier, 

clumsier or bigger than it need be, along comes h (for Hiduminium) to put 
the matter right. The Hiduminium series of light alloys has lifted many a load from the minds of 
designers and manufacturers who wanted to cut down weight without sacrificing strength and who preferred 


to deal with a material which was easy to work and pleasant to look at. There are still plenty of 


HIGH 
DUTY 
ALLOYS 


HIGH DUTY ALLOYS LTD., SLOUGH, BUCKS, INGOTS, BILLETS, FORGINGS, CASTINGS 
& EXTRUSIONS IN ‘HIDUMINIUM’ & ‘MAGNUMINIUM’ ALUMINIUM & MAGNESIUM ALLOYS 
( Registered trade marks) 


opportunities for people who care to 


.. make light work of with 
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CLOSELOY ROLLS will withstand the closest scrutiny—their 


superlative quality and exceptional strength meet the exacting requirements of rolling mills everywhere. 
CLOSELOY ROLLS embody the best principles of American and British high-grade alloy heat-treated 


roll manufacture. At Close Works, where they are made, modern highly efficient equipment is used. The 


Foundry has a large melting capacity, extensive moulding equipment, annealing furnaces, and machine-shops 
Behind every process there is relentless research by expert metallurgists. 
Their worth is known world wide. 


replete with tools of modern design. 
CLOSELOY ROLLS give higher ultimate tonnage with perfect finish. 


In Association with : 


ARMSTRONG WHITWORTH &CO. 
(Pneumatic Tools) LTD. 


CLOSE WORKS, GATESHEAD-ON-TYNE. 


JARROW METAL INDUSTRIESLTD. 
WESTERN ROAD, JARROW. 
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With kind acknowledgments to Messrs. Colvilles Ltd. 


NETTLE 
42% Al,O; IN HEARTH, 


BOSH AND INWALL (Jointed 
with Maksiccar II Refractory 
Cement) 


STEIN GLASGOW 
33/35% Al,O, IN THE 
STACK 


but OUTPUT — 

ing 1,500,000 Tons 12 10 Years 

working continuous} gince the outbreak 

ge of the Second world Wat. No. } plast- E 
gurnace at Clyde jron Works, 

pelonsing to Colvilles» Ltd. which was 

plown out jast wee* for proauced 

more than 1,500,000 tons of pié iron. 
The gurnace was lit OF May 1939, ana \ 
ii over the years more than 5,000,000 tons of 
yaw materials were charged into it, while 
the operatives earned £150,000 in wages: pt 
Fully 3° men were engage? on airect pro- 
| auction at qurnace- During she period 
\ there was complet apsence of seriou’ { 
mishaps. or Pre onged of 
production. 
No will result from the 
shutting gown. all the men nave peen 4 
given work oF ang ho or 
other parts of the works: It is nope 

that the will ready to 

resume proauction gpout the middle of 

April. 

The G 
las 
| gow Herald. Jan 
uar 
JOHN G Al 

BONNYBRIDG 


BEFORE YOU BUILD A CANOE, SMOKE A PIPE WITH 
THE TIMBERMAN (Red Indian Proverb) 
Whether you plan to build a canoe or a Cunard, it’s a good idea to confer first with T.I. Aluminium 


Ltd. The strength-combined-with-lightness of our alloys (which we manufacture and deliver in the 


forms of sheet, strip, tubes and extrusions) makes for extra speed and extra cargo capacity . . . and 


hence extra earnings for ship-builders and shipowners. 
fe) 
Aluminium 


LIMITED 


Masts, davits, funnels or whole superstructures can all be 


built of aluminium alloys; and our knowledge and 


experience of their manufacture can often be of help 


(landlubbers though we may be) in launching a successful 


A TUBE ENVESTMENTS COMPANY 


shipbuilding project. 

REDFERN ROAD, TYSELEY, BIRMINGHAM The sales and administrative organisation for Reynolds Light 

TELEPHONE: ACOCKS GREEN 3333 Mills Litd., and The South 

ALUMINIUM AND ALUMINIUM ALLOY INGOT, SLABS, BILLETS, SHEET, STRIP, 

TUBES AND EXTRUSIONS TO ALL A.I.D., B.S./S.T.A., AND B.S. SPECIFICATIONS. 
Export enquiries should be addressed to T.1. (Export) Limited, 21-23. High Street, Birmingham, 5. 
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Motor-driven selector mechanism operating mercury 
switches for positional, modulating and floating control. 
control pyrometer and the standard by which 
others are judged. 


‘Model No. 1540, 10” Scale Indicating Control 


Adve. 
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control action. No D.C.-A.C. converter. One oscillator /amplifier 
valve operates mercury control 


switch. For hypercritical control . 
of sensitive heat treatment 


” Model No. 1560, Bectnaiie 10” Scale Indicating Control 
Pyrometer. 


ELECTROFLO 


CONTROL PYROMETERS 


Mechanical —Series 154 Electronic — Series 156 


of:—ELECTROFLO METERS COMPANY LIMITED, ABBEY ROAD, PARK ROYAL, LONDON, N.W.10 
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MAZDA 


\ FLUORESCENT LAMPS 
in MAZDA FITTINGS and 
make industrial, office 
and showroom lighting 

a brilliant success? 


Free Advice! BTH Lighting Engineers are ever at hand to 
study any lighting problem and make suggestions that will 

, provide maximum efficiency, safety, comfort and economy. Their 
experience in this field is unrivalled. 


Write BTH Lighting Advisory Service, Bridle Path, Watford. 
Telephone: Watford 7701/8. 


@=-the outshining light 
ey MAZDA LAMPS AND LIGHTING EQUIPMENT 


a } Made in England 
THE BRITISH THOMSON-HOUSTON COMPANY LTD. 


CROWN HOUSE, ALDWYCH, LONDON, W.C.2 
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concerning 


hard cases 


During the 16th century, many new varieties of the 
tilt were introduced and practised at the Hapsburg 
courts of Madrid and Vienna. In order to cover all 
the needs of warfare and tilting, garnitures of three 


or four suits with uniform decoration and inter- 


changeable pieces were devised, though only the great 
princes could afford to possess them. In this armour 
can be seen the holes in the breast-plate for the 
attachment of reinforcing plates and manteau d’armes, 


used for certain types of tilting. 


Just as the risks of penetration on both the battle field 
and in the tilt yard were reduced by the versatility of 
this armour, so the uncertainties of casehardening are 


removed by the reliability of 


‘CASSEL’ CYANIDE 
BATES 


Emperor Charles V, by Koloman Kolman of Augsburg. 
Royal Armoury, Madrid. 


For details of the ‘CASSEL’ HEAT-TREATMENT SERVICE apply to: IC] 
IMPERIAL CHEMICAL INDUSTRIES LIMITED 
NOBEL HOUSE LONDON, S.W.1 


949 METALLURGIA, October, 1949 ul 


| 
4 
iy 
AW 
\\ 
if 
il 


SHOW ihe goods you sell 
SELL the goods you show 


The Government of Canada invites you to show your products 
at the Canadian International Trade Fair —the open door to 
both dollar markets and international trade. Sell your goods 
the most effective way —on the basis of personal contact and 
actual samples. Sell them simultaneously in the rich Canadian 
market and to the world businessmen who come here from 


many nations to buy the things they need. Every facility 


is provided for producers and manufacturers from other 
countries to do international business quickly, comfortably 


and conveniently. 


For all information concerning the Canadian International Trade Fair 

please consult Miss M. A. Armstrong, Exhibitions Representative, Canada 

House, Trafalgar Square, London, $.W.1!. Tel. Whicehall 8701, 

or your nearest Canadian Trade Representative 

LIVERPOOL: M. J. Vechsler, Canadian Government Trade Commissioner, Martins Bank Building, 
Water Street. 

GLASGOW: /). L. Mutter, Canadian Government Trade Commissioner, 200 St. Vincent Street. 

BELFAST: H. L. E. Priestman, Canadian Government Trade Commissioner, 36 Victoria Square. 


Canadian International Trade Fair 


MAY 29-—JUNE 9, TORONTO, CANADA 


DEDICATED TO THE PROMOTION OF INTERNATIONAL TRADE BY THE GOVERNMENT OF CANADA 
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GAS FIRED BENCH TYPE FURNACE FOR THE HEAT 
TREATMENT OF HIGH SPEED STEEL 


Size of each chamber 44” wide x 44” high x 79” long. 
A Temperature up to 1300°C. in.20 mins. 


Standard Furnaces for a wide range 


: BENCH TYPE GAS FIRED MUFFLE FURNACE IN 
of Heat Treatments are designed TWO SIZES: 5° wide x 3° high X 9 long TEMP. 


‘wide x 5° high x 12” long 


KASENIT 


HOLYROOD 
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Electric Furnaces in Action No.5 


The manufacture of bolts, which necessitates continuously 
controlled heat-treatment to ensure an identical degree of 
hardness in every case, demands a furnace which can be 
pre-set to give any desired time-temperature cycle un- 
failingly. The furnace illustrated is of the mesh-belt 
conveyor type, made to specification by G.W.B. Electric 
Furnaces Ltd., for the hardening of bolts and screws. It 
incorporates automatic loading, quenching and dis- 
charging gear, and cuts attendant labour to an absolute 
, minimum. Precise and facile control of 

temperature and atmosphere are inherent 

features of the design of th’s as of all 

G.W.B. furnaces, in keeping with the 

needs of modern production methods. 


Illustrated below is a typical G.W.B. 
Mesh-belt Conveyor Type Electric Furnace. 


G. W. B. ELECTRIC FURNACES LTD. 


DIBDALE WORKS, DUDLEY, WORCS. 


Proprietors: GIBBONS BROS. LTD. and WILD-BARFIELD ELECTRIC FURNACES LTD. 
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THE HALLAMSHIRE STEEL & FILE CO. LTD., SHEFFIELD 3, ENGLAND. 


Telephone : Sheffield 24304 (7 lines). Telegrams : Hallamsteel, Sheffield 
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Re MILL PLANT does not conform easily to 

set or preconceived designs. Each mill has 
features peculiar to itself, dependent upon the 
productive requirements to be met. 

Given a choice the Layout Engineers would 
naturally plump for the “ green field ” of an entirely 
new metal works plant where, as often before, they 
can design the whole plant as a complete entity. 
Sometimes, however, they have to fit a new mill 
into a works iayout planned around very different 
equipment. 

A case in point was the recent replacement of a 
Davy-United 36” Blooming Mill with a 42” mill 


which had to be framed in the original foundation 
space. Since no alternative blooming facilities 
existed in this steelworks the prior concern was to 
reduce the shut-down period of the plant to a 
minimum while dismantling the old mill and 
erecting the new. 

When this mill rolled its first ingot the shut-down 
time had not exceeded 30 days, for which the 
original planning on the layout drawing board was 
greatly responsible. It was one of many such jobs 
familiar to Davy-United Layout Engineers; but 
who can blame them if they rather prefer the 
challenge of the provocative “ green field ” ? 


OF 42x 8-6 REVERSING BLOOMING MILL 
| 
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DAVY AND 


SUBSIDIARIES : UNITED ROLL 


& 


DAVY AND 
DUNCAN STEWART 


UNITED ENGINEERING COMPANY LIMITED SHEFFIELD 


FOUNDRY LIMITED, BILLINGHAM ; 
COMPANY LIMITED, GLASGOW 


16 
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+ « « marketed by Packaged Buildings (Robert 
Building Inventions Ltd.) consists of aluminium 
alloy extrusions and locking elements made from 
highly accurate pressure die castings. * 


The locking elements are illustrated above both 
as individual pieces and assemblies. This remarkable 
system has been developed on the basis of a three- 
inch module hence the flexibility is infinitely greater 
than any other existing method, 
The accuracy of the components 
is such that a positive assembly 
can be secured in any combi- 
nation at all points of perforation 


BIRMINGHAM as CASTING (1903) CO LTD 


THE ‘KEYLOCK’ SYSTEM 


OF CONSTRUCTION ... 


Only a light hammer is 
required for final fixing and a simple ejector for 


in the extruded members. 


dismantling. The part played by “Birmal” is the 
supply of aluminium pressure die castings. The 
inventor says .. . “‘to have an idea is one thing, and 
to make it into a practical proposition is something 
else. | am conscious that the rapid development 
of this project from the first to the second stage, 

is duein no small measure to the 
HD help, co-operation and interest 


extended by your staff.” 


* For detailed information see ‘‘Architects’ 
Journal Information Sheet 25.A2. 
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In the production of aluminium and light alloy castings, quality 

and economy are essentials for profitable output. The progressive 

foundryman recognises that these factors depend upon the precise 

control of melting conditions which is pre-eminently a feature of the 

Birlec Tama electric induction furnace — accurately controlled 

casting temperature . . . uniform composition throughout the 

melt . . . freedom from gas absorption and porosity .. . 

negligible metal loss . . . virtually no fluxing . . . clean, cool working 
conditions ... 


Birlec Tama equipment is fully described in catalogue No. 64. May we send you acopy? 


BIRLEC LTD - ERDINGTON - BIRMINGHAM 24 


Telephones: EASt 1471 (9 lines) © Telegrams: Birlec, "Phone, Birmingham 


¢ 
/B76a 


in Australiaz Birlec Limited, Sydney, N.S.W. In Sweden: Birlec Elektrougnar AB, Stockholm 


18 METALLURGIA, October, 1949 


ndry 

qa fou |\_ 

treatment and 

= 

| 

melting process 
TREA> 
BIRLEC 


One of four installations of Contin 
Bogie Hearth Type Ingot Re-heating 
Furnaces built for Messrs Stewart & 
Lloyds Ltd., Calder Works, Coatbridge. 
Capacity up to 25 tons per hour per 
furnace. The illustration at left shows 
the charging end of the furnace with round 
- ingots up to 24 tons weight ready for 
loading on to bogies by an overhead 
magnet crane. 


Bogies are charged by electric 
pusher, emptied and returned 
towards the charging end by way 
of return conveyor for reloading. 
The discharge end is shown at 
right. Heated ingots are ex- 
tracted singly by overhead 
machine. As bogies are emptied, 
these are drawn out on to a 
mobile transfer car for conveying 
to reloading point at the charging 
end. 


To enstre concentricity of piercing, ingots must be heated unifo 
from core to surface. Priest Furnaces have proved in practice 
suitability. of Bodie Hearth Type Furnaces for quality 


PRIEST FURNACES LIMITED LONGLANDS MIDDLESBROUGH 
at TELEGRAPH BUILDINGS HIGH ST SHERRI 
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x 48” 
| COMBINED HOT & COLD ROUGHING MILL 


for non-ferrous metals 


oF AND COLD: ROLLING MILLS 
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HYDRAULIC PRESSES AND POWFR SYSTEMS 
AUXILIARY EQUIPMENT 
y THE LOEWY ENGINEERING COMPANY LTD. 
| STRAND, LONDON W.C.2, 


RENGIPAL SUPPEIBRS, 


KENT ALLOYS LT D.. & Engineers 
QTEMPLE MANOR WORKS 


(ARE PROUD TO BE ONE OF THES 
; 
METALLURGIA, October, 1949 
21 
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Manufacturers of :— 
HOTWIRE VACUUM RELAYS - GLASS- 
SEALED AND ADJUSTABLE THERMOSTATS - ACCURATE ELECTRONICS 


THERMOSTATS - ELECTRONIC RELAYS - RESISTANCE THERMOMETERS EXHIBITION 
AND CONTROLLERS - ENERGY REGULATORS - TIME-DELAY SWITCHES || © SYMPOSIUM 
D.C. AMPLIFIERS, etc., etc. Please write for appropriate Catalogue Sections. Outen spume uO 


» LONDON, W.C.2. 
Telegrams: SUNVIC, ESTRAND, LONDON. 


SUNVIC HOUSE, 
Phone: TEMple Bar 7064-8. 


TAS/SC231 
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Accurate instruments for === 
every laboratory and works 
Wi R provides 
REGULAT t ates > 
THE E f contro 
sont meant soldering 
convent ovens» most 
enamelling 
fu moulding pia recise amount of 
heaters: he jstance loss» ‘ 
— ent of ™ rms. 
SUNVIC] CONTROLS LIMITED 
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The new Edition of the 
| ) qualities, tests, treatments and 
analyses of the complete general range 
of Dunelt high quality special purpose steels 
will be sent on request STAINLESS STEEL 


ALLOY STEEL. 
HEAT RESISTING 
HOLLOW STEEL BARS 


DUNFORD & ELLIOTT (SHEFFIELD) LTD. ATTERCLIFFE WHARF WORKS SHEFFIELD, 9 
London Office: 54, Victoria Street, S.W.1. Birmingham Office: 25, Burlington Chambers, 118, New Street 
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Industrial applications 
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* SJINVIVEA 


* SJINVIVA 


TVIIWZHDS 


ANALYTICAL BAEANCES 


can now be ~ 4 


DELIVERED 


O ionger are we farced to quote 12 months delivery — 
increasing output: has shortened the delay by many 


months — the benefit of prolonged and careful fraining of. — 


additional highly skilled labepr has-taken.elfect!"We know, 
only too well, that there are faithful—and wise—customers 
whose orders have been on our books for longer than we— 
or they—care to contemplate. Their patience is now to be 
rewarded. (We shall, of course, still maintain our rule of 
delivery by rotation). — 

If you are considering the purchase of new Balances, write 
to us. We will gladly forward a copy of our catalogue in 
which will be found full details of our instruments — 
Corundum planes, our new Optical System — outstanding 
improvements, typical of the leadership maintained by 
Oertling design for over a century. 


L. OERTLING LIMITED 


110 GLOUCESTER PLACE, LONDON, W.1 
(Near Baker Street Station) Telephone : WELbeck 2273/4 


BALANCES * APERIODIC PRISMATIC BALANCES «BALANCES 


TAS/O . 298 
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The 

World’s Finest 

fa) 
Precision = 
Balances 
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APERIODIC PRISMATIC BALANCES + MICRO 
-LONOON BALANCE MAKERS 
FOR OVER 100 YEARS 
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PREPARED BLACKING 


(READY FOR USE) 


3 | The World Famous Mould Wash 

Tron Castings 


No. 7 NON-SILICA STEELMOL 


(For STEEL CASTINGS) 


“ ALUMISH ” 


FOR 


ALUMINIUM FOUNDRIES 


CEYLON PLUMBAGO 
TERRA FLAKE 


NON-SILICA PARTING POWDER 


ALL FOUNDRY SUPPLIES 


JAMES DURRANS AND SONS LTD 


PHOENIX 
WORKS & PLUMPTON MILLS, PENISTONE, near SHEFFIELD 


26 
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EFCO Furnaces in Metallurgical Laboratory of Battersea Polytechnic, 


EFCO FURNACES for 


Universities 


Technical Colleges 


Laboratory Furnaces 
for all purposes 


and 
Small Production Work 


MAXIMUM 
TEMPERATURE °C. 


FURNACE TYPE 


CATALOGUE OR 


REF. SHEET 


USES 


1,800 


HIGH-TEMPERATURE 
SINTERING FURNACES 


R.F.5 


SINTERING OF 
POWDERED METALS 


1,800 


MOLYBDENUM 
TUBE FURNACES 


$/100/15A 


SPECIAL 
HIGH-TEMPERATURE 
EXPERIMENTAL WORK 


1,400 


EFCO-SENTRY 


R.6 AND R.6A 


HARDENING H.S.S. 


FURNACES TOOL TIPPING 
1,400 EFCO-AJAX-HULTGREN 
HARDENING H.S.S. 
MIDGET-TYPE AND SHEET 600/456D 
SALT-BATH FURNACES CARBURISING 
GENERAL 
1,250 MUFFLE FURNACES R.F.I 


1,050 


LABORATORY TUBE 
FURNACES 


$/100/17A 


ANALYTICAL WORK 
CRITICAL POINT 
DETERMINATIONS 


1,000 


MUFFLE FURNACES 


R.F.1 


GENERAL 
HEAT TREATMENT 


EFCO-LINDBERG 
LABORATORY 
CYCLONE FURNACES 


SHEET 1715 


TEMPERING. SPECIAL 
APPLICATIONS 
E.G. NITRIDING 


PORTABLE ELECTRIC 
SALT-BATH 
FURNACES 


R.F. 1008 


TEMPERING 
SALT QUENCHING 
LIGHT ALLOY 
SOLUTION TREATMENT 


LOW-TEMPERATURE 
OVENS 


R.F. 1003 AND R.4 


TREATMENT OF LIGHT 
ALLOYS. TEMPERING. 
DRYING 


LOW-TEMPERATURE 
OVENS 


R.F.1003 


ARTIFICIAL AGEING, 
DRYING, ETC. 


ELECTRIC 


Associated Companies :— 


Netherby, Queens Road, Weybridge, Surrey 


* Please send for catalogues and further information 


RESISTANCE FURNACE CO. LTD. 


ELECTRO-CHEMICAL ENGINEERING CO., LTD. 


ELECTRIC FURNACE CO., LTD. 
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with a 


help towards new peaks 

in production and costs 

reaching new low levels—re- 

quiring less maintenance over 

much longer periods—and built for 

installation into compact production 

lines or in odd shaped spaces—is afurnace 

with a very definite future. 

G.E.C. furnaces of the vertical cylindrical type 

have all these features and are designed specially 

for universal application for both high and low 
temperature work, incorporating all the best practices 

of heat transfer. 

Long experience has proved that the combination of G.E.C. 
atmosphere plant and electric furnaces meets in every way 


the exacting demands of modern metallurgy. " 
The opportunity to discuss all heat treatment problems 


is welcomed by G.E.C. specialists at all times. 


ELECTRIC FURNACES FOR ALL 
TYPES OF HEAT TREATMENT 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KiNGSWAY, LONDON, W.C.2 
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COMMERCE WAY, YDON, SURREY. 
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Treat the molten metal with Sodium 


Carbonate to: 


reduce the sulphur content 
eliminate sulphide segregation 
refine the structure 

minimise porosity 


remove non-metallic inclusions 


A small casting of intricate design, calling for sound, 
machinable iron. 


Refine cast tron with 


SODIUM CARBONATE 


For details of the Sodium Carbonate process write to: 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 
NOBEL HOUSE LONDON, S.W.1 
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Useful 
Molybdenum Steels 


Data Sheet 4 


SPECICATION Nos. TENSILE STRENGTHS AND [ZOD VALUES 
FOR CORROSION AND CREEP RESISTING STEELS 


FOR CORROSION RESISTANCE 


Tensile Strength 
Tons/Sq. inch 


Izod impact 
Ft. Ib. 


Elongation 
per cent. 


WELDING 
58B ( QUALITY 


35 min. 


50 min. 


30 min. 


Cc Si 


Ni 


Cr Mo % 


Austenitic 


20 20 1-0 
Max. 


Min. | Max. 


(58) 60/200 


(58) 12:0 Min. 
(58B) 0/120] (58B)160/200 


| Optional 


* Mo up to 40%, for special types depending on service conditions. 


FOR CREEP RESISTANCE 


Tensile Strength 
Tons/Sq. inch. 


Izod impact 
Ft. Ib. 


Ruling section 
in. 


65 Min. 


Min. 


40 Min. 
35 Min. 


2} 


Mo% 


1% Cr Mo 


-40/1-00 


CLIMAX MOLYBDENUM COMPANY 
OF EUROPE LIMITED 


2 & 3 CROSBY SQUARE, LONDON, E.C3 
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RESISTANCE 
MOVEMENT 


The inclusion of ; 
Molybdenum in the | 
composition of steels | 
designed to withstand : 
corrosive attack imparts | 
added resistance to acids, . 
notably acetic acid at 
high temperatures and | 
concentrations; cold 
dilute sulphuric acid; 
phosphoric acid and © 
certain chloridesolutions. 


Molybdenum improves ; 
resistance to pitting. 


For steels used at ele- 
vated temperatures, 
Molybdenum is vital | 
for high creep resistance. 
Molybdenum steels 
are extensively used 
in modern steam and > 
gas turbine practice. 


: 
En. No. | 
; 
Cc Si Mn Ni Cr 
— 
@® cle 


Although we produce the most reliable 
furnace Electrodes, we are constantly 
striving to raise further the standard of 
quality and uniformity known generally 


to Arc Furnace users for:- 


Low Electrode cost per ton of 
steel made. 
Better roof life. 
Lower power cost. 
Freedom from Joint Breakage. 
Lowest refractory costs. 


Resistance to Thermal shock. 


Maximum furnace output. 


GRANGE MILL LANE, WINCOBANK 
SHEFFIELD 


Telephone: Rotherham 4836 (3 lines.) Telegrams: “Electrodes” Sheffield 
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De Havilland'’s Gipsy Six and latest Ghost jet are 
milestones of aviation which lie along the path of 
Elektron's '’ progress. Through twenty-five years 
“Elektron” magnesium alloys have faithfully served 
the aircraft industry. Today, new “Elektron'’ mag- 
nesium alloys, containing zirconium, offer stilt greater 
reliability in service, still greater scope in design. 


Illustrations by courtesy of De Havilland Engine Co. Ltd. 


F. A. HUGHES & CO. LIMITED 
BATH HOUSE, PICCADILLY, LONDON, W.! 
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pack 


for an outpu: of 


DUDLEY 


charge and discharge 
electrical push-button 


der 


all furnaces have metal recuperacors and special combustion. 


Phone: 


Rp 
lly 


One continuous twin bar heating furnace and two continuous 


reheating furnaces. Fired by cleaned coke producer gas. 
and 


Bar Chambers 
themselves and pack furnaces discharge un 


control, 


650 tons per working week. 


Continuous Mill Furnaces for high quality Silicon Steel Sheets 
Plant Comprises :— 


DUDLEY. WORCS. 


DIBDALE WORKS, 


“ONS BROS., LTD. 


= 


THERMIC 


(CONCENTRATED COMBUSTION) 
SYSTEM AS DEVELOPED BY THE BIRMINGHAM GAS DEPARTMENT 


THE UNIT SYSTEM 
OF CONSTRUCTION 


Unit-construction enables these burners 
to be used either singly or in multiple 
form to accommodate varying lengths 
of furnace. 

Experience has proved conclusively 
that a multiplicity of small burners with 
separate feeds for the gas consumption 
required are preferable to, and more 
economical than a smaller number of 
large burners. 

Applications of the C.C. principle 
include annealing; local hardening ; 
bolt heading ; steel forging including 
stamping, upsetting, billet heating and 
rolling ; fire welding; brazing—cycle 
forks, handlebars and liquid brazing ; 
high-speed steel hardening ; tungsten 
wire heating ; aluminium melting and 
maintaining ; glass melting and giory 
holes; tube annealing and tube upset- 
ting; salt tempering and hardening. 


THERMIC 


THERMIC EQUIPMENT & ENGINEERING CO., LTD. 
(Associated with Gibbons Bros. Ltd. Dudley) SALMON ST., PRESTON. ‘Phone : 56254/5 Grams: THERMIC PRESTON. 


oe 
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BTH manufactures electric equip- 
ment for all kinds of rolling mill 
machinery. Above is shown an 88” 
4-high reversing aluminium strip 
mill at the Rogerstone Works of 
Messrs. Northern Aluminium Co. 
Ltd. Below is the 3,000 H.P. (6,000 
H.P. peak) 48/96 r.p.m. reversing 
D.C. motor driving the mill and the 
control panel for the main drive and 
all auxiliaries. 


The services of BTH specialists in 
electric equipment for rolling mills 
are freely at the disposal of consult- 
ing and operating engineers. 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY, ENGLAND 
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On a dirty, rusty or damp steel surface, paint bonds badly, and usually starts to 
scale off after a comparatively short life. But on a clean, dry and warm surface, it bonds to 
perfection. To prepare such a surface, however, often appears a formidable task—as it did in the 
case of the badly corroded steel-work of the Bailey Bridge structure shown above. But the Oxy- 
Acetylene Flame Cleaning Process made short work of it. Flame cleaning loosens and removes all 
unbonded scale and corrosion and thoroughly dries the steel, leaving it in an ideal condition for 
the application of paint. This process increases the durability of the paint coat and thereby cuts down 
maintenance costs. Full Technical details will gladly be supplied. Write for Booklet T.1.B. No. 11. 


THE BRITISH OXYGEN LID 
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Nozzles, Stoppers and Sleeves are all vital to good Casting, no 
cast of steel can be tapped from the ladle with the degree of control desired, 
unless the stopper-rod and the nozzle function as intended. 


Modern Manufacturing technique, research into providing higher 
performance, and the use of the best clays available, have all been concentrated 
into the production of a high-class Nozzle, Stopper and sleeve. 
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"STORRS WORK - 
PHONE: SHEFFIELD 43844-5 © GRAMS: MARSHALL, LOXLEY. SHEFFIELD 
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GUILLOTINE KNIVES 
and CIRCULAR CUTTERS 


In addition to the 
patterns illustrated we 
make any and every 
type of Guillotine 
Knife & Paper Slitter 


OUR GUILLOTINE KNIVES 
ARE MADE FROM STEEL 
WELDED ON AN _ IRON 


BACK BY A NEW PROCESS 


ELIMINATING BLOW HOLES 


AND CHIPPING 


| of Sheffield CUTTERS, 
SEGMENTAL SANDERSON BROS & NEWBOULD HACKSAWS, 


‘SAWS. ATTERCLIFFE WORKS, SHEFFIELD 
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ELECTRIC 
OVEN 
FURNACES 


for 


Hardening of carbon steels, 
annealing, normalising, pre- 


heating. 


These furnaces incorporate 


— 


the latest advances in design 


and construction. 


Increase production and 
quality. 
Eliminate rejections from 


faulty heat treatment. 


Brayshaw Electric Oven Furnaces have a wide range of usefulness and are ideal for both 
tool room and production department requirements. They can be supplied with or with- 
out a protective gas atmosphere. Special care is taken that all heat losses are eliminated 
as far as possible. 

The above illustration shows one of the larger type oven furnaces with working chamber 
36 in. wide, 22 in. high and 84 in. long. 


Write for full details of standard range of sizes. Illustrated lists will also be supplied on 


request dealing with Brayshaw Electric High Speed Steel Treatment Furnaces, Air 
Circulation Furnaces for Tempering, Salt Baths, etc. 


| 
ICHESTER fi \\ | 
cl | 
: 
FURNACES & TOOLS LTD 
BELLE VUE WORKS MANCHESTER. 12 | 
@ 819 


HARPER-MEEHANITE CASTINGS 


these requirements 


Hilger & Watts Ltd., Scientific Instrument Makers, piace great reliance on 
Harper-Meehanite Castings. They say ‘‘ Harper-Meehanite is chosen for 
our Universal Measuring Projector because the working surfaces must be 
optically lapped fiat to a high precision (within a ten-thousandth of an inch) 
in order to obtain the accuracy required for a co-ordinate measuring 
projector of this kind, measuring as it does to 1/10,000 inch. It is equally 
important that the material must remain stable 
to ensure that the surfaces will not distort 
with age. In addition some of the surfaces are 
ball or roller tracks for which a reasonably 
hard and durable material free from surface 
defects is necessary. We have found Harper- 
Meehanite meets all these requirements and Castings 


will take an excellent optical finish.’’ 


JOHN HARPER & CO. LTD - JOHN HARPER (MEEHANITE) LTD - ALBION WORKS - WILLENHALL 


PHONE: WILLENHALL 124 (5 Lines) © GRAMS: HARPERS, WILLENHALL 
LONDON OFFICE: CHANDOS HOUSE, BUCKINGHAM GATE, LONDON, S.W.1 Telephone : ABBEY 3184 
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Victor 


INSULATING BRICK 


K.P. LTD. ARE NOW ABLE TO SUPPLY THE DAILY GROWING 
DEMAND FOR VICTOR INSULATING BRICK AND EXFOLIATED 
VERMICULITE. 


The main advantage of Victor Insulating Brick is the low cost of 
moulding in sizes and shapes that would be very expensive in other 


types of insulating material of the same efficiency. 


Industrial furnaces in which K.I.P. Victor Bricks and Tiles are used 
as hot face insulation, or in some cases insulated by means of 
Exfoliated Vermiculite used as a fill in cavity walls, have been in 
continuous operation with every satisfaction for the past 15 months. 


Victor Bricks are made in 
three densities, 30, 40 and 
48 \Ibs. per cubic ft. Photo- 
graph shows special Victor 
shapes, tiles and bricks and 
also demonstrates the very 
tight joints which can be ob- 
tained owing to their true- 
ness to shape and size. 


Full physical characteristics and 
samples will be submitted on 
request to 


KINGSCLIFFE 


TELEPHONE 
SHEFFIELD 43844 
TELEGRAMS 
KINGSULATE, SHEFFIELD 


STORRS BRIDGE WORKS 


LOXLEY 


Nr. SHEFFIELD 


INSULATING PRODUCTS LTD 


ROCKBOURNE WORKS 
KINGSCLIFFE 
NORTHANTS 
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AIR CIRCULATING FURNACES 


ACCURACY QUALITY QUANTITY 


GUARANTEED 
TREATMENTS 100°—800°C. 


This photographic illustration is of a top-loading heat-treatments furnace 50°-500°C. +1°C. 
in all working space 


Jobs large or small We offer our Service 
for ALUMINIUM ALLOYS STEELS, BRASSES, 
SPRINGS, GLASS, CORES (sand) 
ENAMELS, NITRIDING 


J. L. S. ENGINEERING Co. Ltd. 


KING’S NORTON, BIRMINGHAM Phone: KING'S NORTON 1824 


Designing Engineers, Patentees and Manufacturers 
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Close tolerance forgings lower machining and finishing times. 
Controlled heat treatment ensures the exact physical 
properties required for dependable performance. 


SMETHWICK LTD 


SMETHWICK AND KIDDERMINSTER ENGLAND 
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ROTALINE 


For lining pulverised fuel, oil, 
creosote pitch and gas fired 
rotary and semi-rotary furnaces 
melting grey iron, malleable iron 
and steel and for fritt-repairing 
Rotaline linings in these fur- 
naces. In addition, this grade is 
suitable for lining stee/ convert- 
ers, crucible furnaces, hearths 
of iron melting furnaces, etc. 


ROTALINE 04 


Recommended for lining rotary 
and semi-rotary furnaces melting 
brass, gun-metal, phosphor 
bronze and for the hearths of 
furnaces melting similar non- 
ferrous metals and alloys ; also 
for lining foundry ladles. 


ROTALINE PATCH 


For wet patching Rotaline or 
Rotaline 04 linings. 


ROTALINE “DR” 


Produced specially for lining 
the barrels of semi-rotary elec- 
tric furnaces melting iron and 
s:eel. 


Rotaline for mono- 
lithic linings and 


patching purposes. 


Rotaline has a base of high quality calcined 
silica rock bonded with other suitable refrac- 


tory materials. It is scientifically compounded, 


special consideration being given to such 


factors as refractoriness, grading, volume 
stability, etc., and it is supplied ready mixed 
for immediate use. 


Rotaline, as a monolithic furnace lining, will give more heats because it 

contains all those essential properties that 
ensure reliable and economic service. 
Its wide use in this country and abroad is a 
fitting testimony to its outstanding qualities. 
Further information, recommendations and 
instructions for the use and installation of 
Rotaline will be en on request. 


GENERAL REFRACTORIES LTD 


GENEFAX HOUSE 


SHEFFIELD 10 + TELEPHONE: SHEFFIELD 31113 
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CLiGHTWEIGHT LYRICS Number Twelve 


ALFRED THE ALPINIST, 
Climbing up the hills ; 


Hanging on to tufts of grass 
Brings him many thrills. 


Asked why he’s not become 
** Alfred, the late ’’, 
He puts his survival down 
To being light in weight ! 


TJP aluminium alloys are always climbing in the esteem of 

their users. They are perfect examples of the survival, not 
merely of the lightest, but of the FITTEST in EVERY respect for the work 
they have to do. Of course all standard specifications are available. Then 
there are some particular pets of our own which a number of customers 
consider worthy of frequent repeat orders. But these are not all. Our 
research people delight in devising the new and novel. so if you want a 
special aluminium alloy for an unusual purpose let PRIESTMANS co-operate 
in its production. Remember, you can always rely on a TJP aluminium 


alloy being consistent to the original specification. 


PRIESTMAN 


BIRMINGHAM, 12 . - "PHONE: VICTORIA 2581-5 
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to make it Strong 
as well as Light 


Small additions of nickel in conjunction with other elements greatly improve the mechanical 
properties of aluminium. Light aluminium alloys containing nickel, already established in 
the aircraft field where high strength with low weight is so desirable, are now being used for 
reciprocating parts of machine tools, textile and other machinery. For any given set of 
conditions, the wide range of alloys available provides the right material but necessitates a 
wise choice. Whatever your problem may be, we will gladly give you every assistance in 


making this choice. 


The Mond Nickel Company Ltd., suyven.ano House, cunzon LONDON, 


| = NICKEL 
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The HOMOCARB system of gas 
carburising ensures certainty of 
good results. HOMCCARB fluid 
is ‘‘cracked’’ in the furnace to 
produce dependable and controlli- 
able analysis. This gas is forced 
through the load in all directions, 
under close time and temperature 
regulation, ensuring precise results 
batch after batch. The equipment 


operates electrically throughout. E; 
THE INTEGRA CO., LTD udstin of 


(INCORPORATED IN BELGIUM) 


REPRESENTATIVES & MANUFACTURING MAKE SURE OF DEPENDABILITY 


LICENSEES OF THE LEEDS & NORTHRUP CO., 


THEY USE 
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To Maxe EASY CALCULATIONS 


For Additions of Ferro-Alloys 


Use Tuese NEW "ST. LAWRENCE” 


Data Sheets 


Data Sheet | Standard Silicomanganese 
Data Sheet 2 Special Silicomanganese 


Data Sheet 3 Silico-Spiegel 
Data Sheet 4 Refined Ferromanganese (Medium-Carbon 
and Low-Corbon) 


Data Sheet 5 Standard Ferromangenese and 


Now you can calculate at a 


glance—rapidly and accurately — 
Spiegeleisen 

the correct quantities of ferro-alloys 

that should be added per ton of Data Sheet 7 _— Ferrochrome for Low-Chromium Steel 

charge to give desired alloy addi- Data Sheet 8 Refined Ferrochrome for High-Chromium 


Steels and Irons 


tion to steel. Each "'StL’’ Data Sheet 


contains a chart, printed in two I 
colors so that calculations may be V 
4 O18 + 0765 0027 
made by either the English or the | of 
metric system. 016 | 0680 0024 
| 
These Data Sheets are currently 
available in English, Spanish, Por- g LS & 
tuguese, French, and German. O12 Ke 0510 Zoos & 
3 | | | | w 
Write now for any of them that < | 
Z 010 | | 0425 
would be helpful to you, using your 8 | | | KS ke | < a 
business letterhead, and please 0340 001 
specify the language edition | 
Other technical literature is al 
ther technical literature is also 004 GY 10.170 0006 
available. Write for the ‘'Srt. Sos un om 
introduce into the bem per cont ond 0018 
LAWRENCE Literature Summary 002 on 0085 0003 
pounos 2 4 6 8 10 12 14 6 18 20 22 
KitOGRAMS | 2 3 4 6 7 8 9 10 
SPECIAL SILICOMANGANESE ADDED 


\ 
“4 
LAWRENCE ALLoys AND | 
"St. Lawrence,” “Stl,” ond (a) ore trade-marks of St. Lawrence Alloys and Metals Limited. 
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Readers are invited to submit articles for publication in the editorial pages; photographs 
and/or drawings suitable for reproduction are especially welcome. Contributions are 
paid for at the usual rates. We accept no responsibility in connection with submitted 
manuscript. All editorial communications should be addressed to The Editor, ‘‘ Metallurgia,”’ 
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Methods of using the electron microscope 
have been developed during the last 


The Recovery of By -product Metals in decade and published work on the subject 
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Devaluation and Recovery 


INCE the publication of our last issue an economic 
S crisis, which had been gathering impetus, has 
forced the Government to devalue sterling in 
relation to the dollar. Britain has not been paying her 
way for several years with the result that reserves of 
gold and dollars have 


expedient of devaluation has changed the look of the 
dollar export problem for the better, that trade with the 
United States and Canada will be easier. But it 
undoubtedly means a substantial lowering of the pur- 
chasing power of the £, both at home and overseas. 
About 40-50°, of Britain’s imports come from the 
dollar area which must raise prices in this country 

far more than the Govern- 


fallen to a dangerous level. 
As Sir Stafford Cripps 
stated recently ““ we have 
tried to overcome our diffi- 
culties by a _ series of 
expedients which led to a 


ment would have us believe 


Beginning with the next issue of this Journal a and devaluation means 
Supplement entitled ‘‘ Laboratory Methods ”’ will 
be added. We shall be glad to hear from readers of 
new and improved methods used in metallurgical 
investigations with a view to publication. 


that we must export to the 
dollar area about 30-40°,, 
more to hold the position 
that forced devaluation. For 


series of crises as each 

expedient became exhausted.”’ An economic crisis of a 
similar nature was experienced about two years ago, 
but this time it is much more serious. Then the drain 
on gold and dollars was halted and, for a time, expanding 
production and exports offered hope of recovery, but 
recent months has shown that a more drastic expedient 
was needed, although few expected the expedient to be 
so drastic as the devaluation to such a low level as 2-80 
dollars. 

The shock of the devaluation announcement has 
subsided somewhat and it is now possible to examine 
the likely effects of this new rate of exchange between 
sterling and dollars, which formerly stood at 4-03 
dollars to the £. It is now well known that owing to the 
complete distortion of world trade patterns that the 
war brought in its train, the non-dollar world as a whole, 
including Britain, still needs to buy much more from the 
dollar countries than the dollar countries buy in return. 
The non-dollar world as a whole, therefore, has a 
persistent dollar deficit, and Britain suffers in this 
respect more than any other country because she is far 
and away the largest non-dollar trading country in the 
world. Britain’s dollar deficit is large, and will bring 
havoc unless it is mastered, not because Britain is the 
weakest link in the non-dollar world, but rather because 
so much of world trade activity centres on this country. 

That Britain’s dollar problem arises from wider causes 
than her own direct deficit with the dollar area should 
be appreciated, since dollar deficits of the rest of the 
sterling area have been financed by the central reserves 
held by Britain, in addition the sterling area as a whole 
has made dollar payments to countries like Belgium and 
Switzerland. This use of central sterling reserves to 
finance trade over a large part of the world is generally 
regarded as vital to world trade expansion, but it throws 
a heavy burden on Britain, greater than her own current 
trade demands. It is probable that some relief in this 
direction could be effected by the freezing or blocking 
of sterling balances in order to check unrequited exports, 
indeed, the Economic Commission for Europe has 
suggested the imposition of more rigid limits. 

It is claimed by the Government that the drastic 
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a short time there may be 
some advantage in devaluation ; prices of goods can be 
reduced which will enable tariffs to be surmounted more 
readily. How long more competitive prices can be 
maintained in dollar markets, however, is problematic 
and depends, to a large extent, on how they will be 
affected by rising production costs resulting from 
devaluation. But the need for greater efficiency at all 
levels remains essential for the production of more goods 
of the right quality and price for dollar markets. 

Devaluation does not provide an automatic solution 
to Britain’s difficulties and the claims that it will restore 
international confidence in sterling and secure a sub- 
stantial increase in dollar earnings can only be regarded 
hopefully, much more is necessary to reinforce this 
exchange adjustment to make the claims possible. This 
the Prime Minister has stated the Government propose 
to do by the introduction of what he referred to as 
consequential measures. At the time of writing there 
is a good deal of speculation as to what these measures 
will be, but had these measures been ready to place 
before the country immediately following the exchange 
adjustment, this speculation, which interfere with 
industrial activity, would have been unnecessary. 

What consequential measures the Government pro- 
pose to take it is impossible even to guess, but they 
directly affect the future of everyone in this country. 
We suggest that, if the future interests of Britain are 
the primary consideration, a drastic Government econ- 
omy drive, designed to effect big administrative savings, 
should occupy first place in the measures adopted. 
Whatever is decided upon it is clear that warnings and 
exhortations have little further value and the drift from 
one expedient to another, in the hope that somehow one 
of them will bring about recovery, is not enough. Our 
present ills are deep-seated and can only be cured by 
drastic action, much more severe than would have been 
necessary a few years ago. The first objective should be 
to eliminate inflationary pressure by drastically cutting 
down expenditure ; measures designed with this object 
would revive initiative and energy and enable all to 
carry on their individual work with greater confidence 
and without fear of the future. 


5 
4 

3 

; 

3 ; 

4 

Fy 
ke ae 
% 

an 
9 
293 


Productivity in Foundries 


UX DER the auspices of the Anglo-American Council 

on Productivity, representatives of British Steel 
foundries have visited the United States of America, 
where they made a six-weeks tour of steel foundries. 
The party consisted of sixteen representatives, six of 
whom were trade unionists and the remainder executives 
holding various positions with British firms. The object 
of their visit was to compare American production 
methods with those operating in this country and to 
study the general set up of the steel castings industry 
likely to be of value in raising productivity. They have 
since produced a report* of vital importance, which 
should be carefully studied by all engaged in the pro- 
duction of castings ; indeed, its study by those in a much 
wider industrial field might well prove profitable. 

The report, which gives the unanimous views of the 
party, states that the American steel founder produces, 
in any given time, between 50 and 90°, more than the 
British founder and their objective was to find reasons 
for this great disparity in production. Productivity is 
defined as the ratio of the production of wealth to human 
effort expendable ; in the present instance the yard-stick 
is taken as the ratio of man-hours per ton of castings 
produced, which, although not strictly accurate, gives 
a broad indication of productivity. 

While good factory layout and tidiness of working, 
use of power and widespread acceptance of machines, 
economy in use of labour, standardisation of output, 
and the application of the results of research, are re- 
garded as contributory means to high productivity, 
the report emphasises that the fundamental causes of 
high productivity in America were found to be mainly 
psychological. There is a widespread productivity- 
consciousness in America and recognition that high 
productivity is a benefit to all concerned. Managements 
are actuated by the belief that high rates of production 
are essential to individual and collective success, and 
workers of all levels subscribe to the same belief. This 
belief is not simply intellectual appreciation ; it has a 
firm emotional hold upon the whole body of American 
industrial thought. 

There is a paucity of skilled moulders in America and 
foundries have set about making steel castings in such a 
way that moulders, as we know them in this country, 
are not required except for a relatively small percentage 
of the work. This does not mean that there are no 
skilled craftsmen in foundries, but that the time of the 
skilled operative is not wasted on work involving no 
appreciable skill. Actually skill, in the sense of ability to 
plan the production methods required to produce sound 
castings without wastage of material, remains very much 
in evidence. And it should be remembered that trade 
union organisation in Amercia is not on a craft basis. 

Technical practices in America vary somewhat from 
those generally operating in Britain. Acid electric 
melting is in more general use and these operate with 
twice the power input of equivalent arc-furnace in- 
stallations in Britain; and the trend is towards pro- 
ducing steels to meet physical test specifications, rather 
than analytical limits. The adoption of equipment for 
non-destructive testing is widespread. Greater use is 
made of power-operated plant, and, since a high per- 
centage of American casting production is of a repetition 
character, it is amenable to mechanisation. These factors 


* Published by the Anglo-American Council on Productivity, 21, Tothill Street, 
London, 8.W.1. 


204 


undoubtedly influence increased productivity in America, 
but it is a!so undoubtedly true that the compulsions of 
fear and competitiveness, against a background of 
constant endeavour to attain higher standards of living, 
are the main incentives for high productivity. 

In Britain the appropriate trade union is organised 
on a craft basis. Anyone who has served a recognised 
period of apprenticeship is classed as a craftsman, how- 
ever much a misfit he might be, and as such he earns the 
minimum rate, which, in a general sense, is regarded as 
the maximum. Such incentives as are available to 
British workers are not so compelling as in America, and 
inferior workers, of which there is always a percentage, 
especially under so-called full employment conditions, 
must be partially carried by the more expert craftsmen. 
High individual productivity is frowned upon in com- 
parison with productivity consciousness to be found in 
America among all grades where high productivity is the 
golden road to a better rated job and where competition 
at supervisory levels is keen and entry to the grade is 
dependent only upon ability and energy. It is noteworthy 
that opposition to a course designed to increase product- 
ivity in America, even if it intensifies competition, is 
rare ; even during a recession of business there is no 
slacking of the tempo of working, rather does the spirit 
of competitiveness appear to gain fresh strength. 

Several recommendations are made in this report ; 
before setting them out however, two questions are sub- 
mitted : (1) Is high productivity really desired by British 
steel foundries? and (2) Over what features in the 
British industrial system does the desire for high pro- 
ductivity take preference? The report insists that 
neither traditional practice nor trade custom has an 
export value. High productivity has. Neither precedent 
nor procedure can stave off starvation. High productiv- 
ity can ; it is the means to obtain freedom from the fear 
of want. Any rule, practice or policy acting against 
high productivity—whatever its original purpose— 
offends the community as a whole. 

Although many technical improvements are recom- 
mended, the most important fact brought out is that a 
change of outlook is needed at all levels to revolutionise 
the industry on high productivity lines. The report 
states bluntly that it is unpleasant to stress the altern- 
atives; starvation and destitution are unpleasant 
words, but better the words than the reality. 


Research Association News 


The Annual General Meeting of the British Cast [ron 
Research Association will be held at the Waldorf Hotel, 
London, on Wednesday, November 2nd, at 2-15 p.m. 


Mr. N. A. W. Le Granp has recently taken up his 
appointment as Secretary of the British Welding 
Research Association, in succession to Mr. A. Barker 
who has joined the staff of the British Boot and Shoe 
Manufacturers’ Association. 

During the war Mr. Le Grand was commissioned as an 
Army Paymaster with the R.A.P.C. and spent nearly 
5 years in the Middle East, part of this time being spent 
as assistant to the Command Paymaster, M.E.F. In 
1946 he was demobilised and returned to industry as 
Assistant Secretary and Accountant to Messrs. J. D. P. 
Wheatley & Co. and a group of associated property and 
investment companies. He was subsequently raised to 


the position of Secretary and Commercial Administrator 
to the group. 
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The Recovery of By-product Metals in 
the Smelting of Copper Alloy Scrap 


A Survey of Published Information* 
By Marjorie E. Whitaker, B.Sc., A.I.M. 


(Communication from British Non-Ferrous Metals Research Association) 


A survey has been made of the methods whereby zinc, tin, lead, nickel and cadmium 

can be recovered as by-products in the smelting of low-grade copper alloy scrap and 

residues, instead of being lost in the flue dusts and slags. Information is summarised 

on segregation of scrap ; methods of smelting or otherwise treating it ; methods of 

collecting flue dusts and the recovery of zinc, tin, lead and calmium from them ; recovery 
of nickel. 


I. Introduction 


HEN copper alloy scrap is segregated into 

groups for further use, there remains always 

a group of low-grade materials and residues 
unsuitable for remelting or for direct use in the produc- 
tion of alloys. This low-grade group must be put 
through smelting and refining treatment before returning 
to the foundry, and if suitable steps are not taken 
during this treatment most of the alloying elements are 
lost, passing either into the slags or into the flues. The 
recovery of these elements, particularly zinc, tin, lead 
and nickel has played an important part in German 
economy, and several processes have also been developed 
in other countries. 

In preparing the present report a survey has been 
made of the published literature including patents, and 
also reports. on German practices issued by British 
Intelligence Objectives Sub-Committee just after the 
war. The methods of smelting or otherwise treating the 
melt have been included in some detail in Sections II 
to VII, as they are closely linked with the recovery 
of the by-products. Then follow sections on the collec- 
tion of the flue dusts, and on the treatment of these 
dusts for the recovery of zinc oxide (chiefly used as 
pigment), metallic zinc, metallic tin, tin-lead alloy 
(chiefly used for solders) and cadmium. Finally, there 
is a summary note on nickel and antimony. 

The recovery of by-product metals in the electrolytic 
refining of copper has not been included, since electrolytic 
refineries always make a practice of recovering by- 
products and good accounts are to be found in any of 
the standard books. 


II. Segregation of Material for Re-smelting 


As far as possible, the low-grade scrap is kept in 
groups as listed below, the largest groups being those 
containing zinc, lead and tin as alloying elements. 

(1) Copper-zinc.—Alloys placed in this group may 
contain small amounts of lead and tin but should 
preferably be free from them. 

(2) Copper-tin.--Tin bronzes and bell metal go into 
this group. 

(3) Copper-zinc-tin-lead.—This group contains gun- 
metals, leaded gunmetals and other materials which 
cannot be separated into groups (1) and (2). 

(4) Alloys containing nickel.—Material containing a 
high proportion of nickel, such as nickel silver and 
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cupro-nickels, is treated separately to give refined 
copper-nickel alloys. 

(5) Antimonial Alloys.—Einerl and Neurath' recom- 
mend that these should be segregated because of the 
difficulty of separating antimony from copper. 

(6) Impure Copper.—This need not go through the 
whole of the smelting and refining procedure. It can 
be put into the cycle at an appropriate point. 


III. Smelting Processes in which Air is Blown 
Through the Charge 


The most popular methods of smelting —— 
scrap are based on methods of smelting copper ores, and 
the same equipment is used. It is desirable that the 
charge should be of a coarse nature, or should be 
briquetted, because finely divided material tends to be 
blown over into the flues. 

Smelting processes coming under this heading have 
been described by Miller?, Einerl and Neurath! and 
Barth*®. In the present summary of this group of 
processes some general notes are given first, outlining 
the methods and what happens to the alloying elements, 
followed by more detailed notes of the practices of six 
different organisations. (Other methods, of a different 
type, will be found in Sections IV to VII below.) 

The processes may be summarised broadly as 
follows :— 


(a) Clean copper alloy scrap is usually treated in a 
converter, reverberatory, or rotary furnace. Coke or 
other carbonaceous material is either mixed with the 
scrap, or charged and blown before the scrap is inserted. 
The alloying elements pass into the flue dusts and 
slags and, if the blowing is carried to completion, the 
product is impure copper, which is subsequently refined. 
The smelting can be controlled so that part of the zinc 
and practically all of the tin and lead are retained in 
the melt, yielding an alloy suitable for use in the produc- 
tion of gunmetals or other alloys. The nickel in high- 
nickel alloys can similarly be retained in the melt and 
the product used as a basis for cupro-nickels. According 
to Miller? the copper content of a charge to be treated 
in a converter should be at least 20%, made up by 
mixing ingredients, some of which may contain as 
little as 5°, copper, while charges to be treated in a 
reverberatory furnace should contain at least 40% 
copper. 

(b) Batches of very low-grade scrap (i.e., mixed with 
other metals such as iron), low-grade foundry residues, 
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and slags from converters, may be treated separately 
in blast furnaces. 

(c) The process is sometimes carried out in two 
stages by first smelting in a cupola or blast furnace with 
enough sulphur-bearing material to yield all the copper 
in the form of matte, and then blowing with air in a 
converter or reverberatory furnace to give blister 
copper. This method has the advantage that lower 
temperatures are required with resultant lessening of the 
wear on refractories. 


RECOVERY OF ALLOYING ELEMENTS FROM MATERIAL 
TREATED BY AIR-BLAST PROCESSES 


Oxides of zinc, tin and lead, together with any 
cadmium that may be present, are formed during the 
blowing treatment and are carried over into the flues 
with the furnace gases. They can be trapped in settling 
chambers, electrostatic precipitators or bag houses. 
Zine oxide is obtained from the smelting of brass ; tin 
oxide from bronze and bell metal; and mixed oxides 
of zinc, tin and lead from gunmetals and leaded gun- 
metals. If cadmium is present in recoverable quantities 
it is collected with the other oxides and separated 
afterwards. Part of the antimony also goes over with 
the fume. Zinc oxide is obtained from nickel silver, 
leaving a copper-nickel alloy. 

Part of the zinc, sometimes as much as 
a third, passes into the slag, together with 


up to a half of the tin. Extraction from Zn ‘Fume 
the slag is expensive. The slagging of 
these two metals can be reduced by 
employing large amounts of coke in the — 


smelting process, but it cannot be pre- 
vented. Einerl and Neurath' and other 
writers recommend burning the zinc away 
quickly before it passes into the slag. Part 
of the nickel is absorbed by the slag, from 
which it can be recovered by re-smelting 
and part retained as an alloying constituent 
of the residual melt. Most of the other 
alloying elements which are not worth 
recovering, such as aluminium, iron, 
cobalt, calcium, beryllium, etc., pass into 
the slag. Some elements, such as bismuth, 
tend to be retained in the molten metal. 


INDIVIDUAL WorKS PRACTICES 


Having now described in general terms the smelting 
methods in which a blast of air is employed, notes are 
given below on the practices of individual organisations 
employing this technique :— 

(1) Hurrenwerke C. W. Kayser. A.G.—This works 
was visited and reported on by British Intelligence 
Objectives Sub-Committee* at the end of the 1939-45 
war. The company is primarily a producer of electro- 
lytic copper, and financial success is ensured by the 
recovery of by-products which include zine oxide, tin 
oxide, mixed zinc-lead-tin oxides, gold, silver, copper 
sulphate and nickel sulphate. Low-grade copper- 
bearing residues, brass, gunmetal and bronze scrap are 
purchased and graded into the usual three groups 
copper-zine, copper-tin, and copper-zinc-tin-lead. 

Materials which are not suitable for direct treatment 
in converters are first treated in a blast furnace with a 
high charge of coke, to give black copper of 80-90% 
purity and a certain amount of mixed oxide. The 
blast furnace gases, containing the oxide fumes are 


© Cu 85-90, Sn 8-12 


Y Cu 2-4, Sn 10-12, Zn 8-10 
# Cu 30, Sn 4-6, Zn 4-5, Pb 1-0 
B Cu 98-5, Sm about 0-1, Ni about 0-5 


passed through a waste heat boiler and collected in a 
baghouse. A typical charge for the blast furnace is 
quoted as follows :— 


Low grade copper residues 1,100 kg. 
Refinery and converter slag 50 kg. 
Limestone (flux) .. 50 kg. 
Brass scrap with iron 50 kg. 
Scrap copper-clad iron 50 kg. 
Copper-rich residues .. 50 kg. 
Coke .. .. 350 kg. 


(The copper-content in the charge is adjusted to 25-30%,) 

Black copper is tapped every two hours and the slag 
which contains 0-6-1-3°% Cu, 0-6-1 0° Sn, up to 
0-3% Pb, 10-12% Zn, is tapped continuously. It is, 
stated that the recovery of zinc from the slag would 
not be a paying proposition. 


Red Brass Scrap, Radiators, Bells. 
Brass with over 2% Sn 
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From B1.0.8, Final Report, No. 1220, p.19. By courtesy of H.M.S.O. 


1.—Flowsheet of Zinnwerke method of treating 


Fig. 
Cu-Sn-Zn-Pb. scrap. 


The black copper and the three groups of scrap metal 
are blown in converters to give rough copper of approxi- 
mately 98°, purity which is charged directly into anode 
furnaces, refined by standard methods to 99%, purity 
and cast into anodes for electrolytic refining. The 
oxide fumes from the converters are cooled in a forced 
draft cooler and collected in an intensive bag filter 
plant. The zine oxide is sold to pigment manufacturers 
and the other oxide fumes are sent to Berzelius Metall- 
hiitten G.m.b.H. for extraction of the metals. The 
by-product nickel sulphate comes from the electrolytic 
refinery. 

(2) ZINNWERKE WILHELMSBURG G.M.B.H.—Two 
reports have been issued by British Intelligence Objec- 
tives Sub-Committee®-* describing visits to this works in 
1945 and 1946. Both should be consulted, as they differ 
in detail, particularly in regard to the treatment of 
slags and drosses. Flow-sheets from the later report are 
reproduced in Figs. 1 and 2; but it should be noted in 
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connection with Fig. 1 that the earlier (longer) report® 
states that slags from blast furnaces were poor in metals 
and were sent to waste, and that the tin-bearing slags 
and drosses from the reverberatory furnace and refining 
pot received further treatment. 

The chief by-products at this works are zine oxide, 
tin-lead solders, white-metal alloys and nickel sulphate. 
The metallurgical principles were reported to be very 
sound, but a high proportion of scrap was charged with 
the cathodes into the refining furnace, to give a product 
that would not be accepted for copper wirebars in 
Great Britain and U.S.A. The recovery of the different 
elements is stated to be of the order of 85°, of the tin, 
80°, of the lead and approaching 100°, of the copper ; 
about 75°, of the zinc from brasses was recovered. 

For treatment in converters the scrap alloys are 
segregated into the usual groups and are blown, with 
12-13°%, coke for low-tin charges and 15-17°, for high- 
tin charges. Slags from the converters form about 80°, 
of the blast furnace charges, the remainder being made 

Brass Scrap 
Low-Tin Residues 


Brass Radiators 
Converter Slags, etc 


BLAST FURNACE 


designed for the blowing of clean brass scrap. Each 
converter, working 60/40 brass, was producing zinc 
oxide at the rate of 400 tons per month. 

(4) GERMAN METHOD OF SMELTING BELL BronzEs.— 
Kroll® has described the methods that were employed in 
Germany subsequent to 1915 when the German govern- 
ment ordered the dismantling of certain church bells. 
This scrap contained about 20°, tin and small amounts 
of gold, silver, nickel, lead, zinc, antimony. Trouble 
was encountered at first because of the formation of 
high-melting tin compounds in the slag but this difficulty 
was overcome by the addition of iron, to make fusible 
slags, and by increasing the converter size. Operations 
were ultimately carried out in 5-7} ton converters lined 
with magnesite. Tin oxide contaminated with lead, zine 
and antimony went over with the flue dusts and was 
collected for the extraction and electrolytic refining of 
metallic tin. The residual melt in the converter con- 
tained gold, silver, antimony, nickel, and bismuth. It 
was cast into anodes for electrolytic refining, with 
recovery of gold and silver as by-products. The slag 
was re-cycled in blast furnaces. It is stated that total 
tin losses were about 10°, and copper 5°,. The flow- 
sheet of the process is reproduced in Fig. 3. 

(5) AMERICAN SMELTING AND REFINING Co.—A 


modification of the usual smelting process has been 
| patented by Betterton and Phillips® and assigned to this 
. company. The copper alloy scrap, containing zinc, tin 
and lead, is melted in a reverberatory furnace, charged 
| ——, to a converter with the usual coke and flux; and blown 
Waste BAGHOUSE _] if low So if high Sn sag With regulated quantities of air to bring about selective 
7 oxidation of the zinc. About half of the lead goes over 
Pigment or Bell bronze—20 per cent tin 
Zn smelter 
Coke 
Metal Zn fume 
Cu Sn 0-8-2-4, Zn 8-418 
Cu 85-92, Sn 1-5-3, Zn 2°0-6, Pb 2-4 Slag Tin oxide 
Cu 26-33, Sn 2-5-4, Zn 20-26 [ 
# Cu 97-98, Sn 0-2, Zn Pigment 
From BIOS, Final Report, No. 1220, p.20. By courtesy of H.M.S.0, Slag Metal 
' ' 
Fig. 2._-Flowsheet of Zinnwerke method Furnace [converter] | GOLD-SWVER COPPER - REVERBERATORY 
of treating Cu-Zn scrap. — 
Dust Metal Anodes” 
f material unsuitable for direct treat 4 
up o 8 at- 
COPPER REFINE BAGHOUSE 
ment in converters. J = 
There are two separate oxide collecting departments, Cathodes —_Slimes 
one for the blast furnaces and the other for the con- ' ' 
verters. The flue dusts from the furnaces are passed [___teacume — 
through settling chambers to bag hcuses fitted with the ZnSOg—= 
mechanical type of high-pressure bag filter. The higher em Tin oxide 


purity zinc oxide, of tin content less than 2°,, is marketed 
direct to the paint industry and the other oxides are 
treated in the same works by methods described in 
Sections X and XI of the present report. 

The black copper from the blast furnaces and con- 
verters, together with scrap copper, go to the anode 
furnaces and thence to the electrolytic refinery. The 
slags from the anode furnace are returned to the blast 
furnaces for resmelting if there is sufficient tin present 
to merit recovery. Any high quality scrap is put into 
the process circuit at the refining stage. Nickel sulphate 
is a by-product of the electrolytic refinery. 

(3) Norp DeutscHe AFFINERIE.—It was reported by 
British Intelligence Objectives Sub-Committee’ that at 
one time this refinery had a battery of five converters 
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October, 


From Eng. Min. J. 1943, 144, No. 9, p.5l. By courtesy of the Editor. 


Fig. 3.—-Flowsheet of German method of smelting bell 
bronzes. 


with the zine. The tin passes into the slag which is 
separated and added to a subsequent charge of the 
alloy, giving eventually a tin-rich slag from which the 
tin can be extracted. After the zinc has been removed 
the melt is further blown to refine the copper, producing 
a copper-rich slag containing the remainder of the tin. 
(6) STERENTAL’s METHOD.—Sterental'® has patented 
in Italy and in America a tilting furnace in which the 
whole process of melting, converting and refining takes 
place. The scrap and residues, together with slag- 
forming substances and coke, are charged into the 
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retort-shaped furnace, the feed opening is sealed and the 
furnace tilted to a horizontal position. The charge is 
heated at its free surface, by means of a burner built 
into the furnace, until it is partly melted. The heating 
is then stopped and air is blown through while the 
furnace is gradually tilted back in such a manner that 
as the metal melts the level of the melted portion covers 
the nozzle openings to a depth of a few centimetres. 
Zine oxide and other volatile products are discharged 
at the mouth of the furnace during this part of the 
process, and are collected for recovery. When the melt 
begins to cool the furnace is returned to the horizontal, 
heating is resumed and blowing is continued. The 
charge is finally poled in the same furnace. 


IV. Smelting Processes in which Gases other 
than Air are Blown Through the Charge 


Details are given below of two processes in which 
selective oxidation of the alloying constituents is 
brought about by blowing the melt with gases other than 
air. In both processes the volatile constituents are 
carried over and collected. The first process can be 
adapted to the production of first a zinc-rich and then 
a tin-rich fume from scrap containing both zine and 
tin. It can also be used in the fractional separation of 
tin and antimony when the scrap contains both these 
metals. The second process can be used in the separation 
of copper from nickel, and tin from lead. 

(1) M. Lissaver anv Cre" of Cologne, have patented 
a process in which reducing gases such as hydrogen, 
carbon monoxide, water gas, producer gas, illuminating 
gas or coke oven gas are blown through the molten 
metal, while the atmosphere above the melt is controlled 
by regulating the combustion of the oil burner heating 
the furnace, to be either a reducing atmosphere or an 
oxidising atmosphere as required. 

In treating a melt containing both zinc and tin, the 
oil burner is first regulated so that there is a reducing 
atmosphere above the melt while the reducing gas is 
blown through the melt. This causes the zine to 
volatilise, leaving the tin in the melt. The zinc burns 
to oxide at the mouth of the furnace and is collected. 
When all the zinc has volatilised the oil burner is adjusted 
to give an oxidising atmosphere above the surface of the 
melt, blowing with reducing gas is continued and dense 
fumes of tin oxide are evolved. This stage of the process 
is accelerated and improved by adding sulphur or 
sulphur-bearing material such as pyrites. In this way 
the zinc oxide and tin oxide, each substantially free from 
the other, can be collected separately. If lead is present 
some of it passes over with the zinc and some with the 
tin. If antimony is present some of it goes over with 
the tin and the remainder can be removed by further 
treatment. According to Einerl and Neurath' this 
process was specially designed to deal with residues 
contaminated with white metal, particularly antimony, 
as antimony is difficult to separate from copper by the 
usual methods. 

It is stated that the amount of slag is very small 
compared with the 40% or more normally obtained 
when scrap is processed in converters. The patentees 
give an example in which only 2-5°% of the melt passed 
into the slag. 

The equipment consists of a tilting furnace for melting 
the charge and a “gas reaction”’ furnace arranged 
below so that metal can be poured directly into it. The 
gas reaction furnace is tiltable and may be of the drum 


type. It is provided with tuyeres through which the 
preheated reducing gas is blown at a rate of 80-100 cubic 
metres (about 2,800-3,500 cubic feet) per hour, varying 
according to the treatment. The gas blown through the 
melt is preferably pre-heated to about 800°C. and the 
melt is heated to 900°-1,400° C. according to its 
composition. 

The following examples are given in the patent :— 

(a) A melt containing zinc, tin and lead was treated 
in two stages, with copper pyrites added to the melt for 
the second stage. The compositions of the original 
melt, the two batches of oxide fume and the residual 
melt were :— 


Cu % Sn % | Pb % Zn % 
Original Melt .. 80 3-7 2-3 Remainder | 
Ist oxide fume .. ..| Not stated 0-2-0-3 7-8 70-71 
2nd oxide fume .. 0-32 56-12 14-28 5-14 
Residual melt 98-25 0-11 O-14 Not stated 
| 


(6) A bronze melt containing antimony was treated 
in one stage, with the addition of copper pyrites, for 
the removal of tin, with the following results :— 


Cu % Sn % | Sb% 
Original melt 85-75 7 5-06 3 0-91. 
Oxide fume... .. .. o-lo 39-0 2-6 0-12 
Residual melt .. .. 97-85 0-23 0-21 


(c) As an example of the separation of antimony 
from tin in copper alloys, a melt containing both was 
treated in two stages, with the following results :— 


| Cu % | Sn % Pb % Sb % 
Original melt ee 61-02 15-36 3-57 11-04 aa 
Ist oxide fume .. .| Not stated 48-63 Not stated 3-60 
2nd oxide fume .. -| Contained Sb, composition not stated in patent 
Residual melt 96-7 | 0-20 | Not stated | 1-38 


(2) Ropietre AND Hancock™ have patented a 
process in which certain gas mixtures containing carbon 
monoxide plus carbon dioxide and/or hydrogen plus 
water vapour are blown through the melt. The gas 
mixtures are the products of combustion of a mixture 
of coal gas or producer gas with air adjusted to give the 
required composition. The ratio CO/CO, and H,/H,O 
are selected for the treatment of any particular melt in 
such a way that, at the temperature of the melt, the 
gas mixture is oxidising to one or more constituents and 
reducing to the remainder of the constituents which it is 
desired to separate. For example, at 1,250°C. a gas 
mixture in which the CO/CO, ratio is between 0-25 and 
3:4 is oxidising to iron and reducing to copper and 
nickel, so that this gas mixture could be used effectively 
at that temperature to separate iron from copper and/or 
nickel. At higher or lower temperatures the ratios are 
different, but a suitable ratio can always be selected in 
accordance with thermodynamic principles. The process 
is suitable for the treatment of other metals besides 
copper. 

The treatment can be carried out in a batch type 
furnace, preferably one with a sloping hearth, or ina 
continuous furnace of the vertical shaft type, such as a 
cupola or blast furnace. A re-circulating system is 
employed for the gas mixture and in the case of scrap 
containing zinc, lead or cadmium these volatile metals 
are carried off by the re-circulated gas and recovered 
either as oxide or metal depending upon the relative 
oxygen dissociation pressure. 


METALLURGIA 


| 
| 
298 


Details of the completeness of the separation are not 
given in the patent. 

The following examples are given :— 

(a) Separation of copper and nickel—A molten alloy 
containing 60°, copper and 40°%, nickel was first blown 
with air at an initial temperature 1,400°-1,500° C. in 
such a way that three-quarters of the nickel was oxidised 
and at the same time the temperature had risen to 
1,700°—-1,800° C. Some of the copper had also become 
oxidised at this stage. The melt was then blown with 
gas of composition such that the sum of the hydrogen 
and carbon monoxide contents was 1-3°, by volume and 
the remainder was carbon dioxide and/or steam. This 
converted the remainder of the nickel into oxide, and 
reduced the copper oxide back to metal. 

(6) Separation of tin from lead.—A molten lead-tin 
alloy was blown at a temperature 700°-800° C. with gas 
containing 2-4%, by volume of carbon monoxide plus 
hydrogen and 20-30% carbon dioxide plus steam. This 
oxidised the tin but not the lead. Tin exide was 
skimmed off. 

Robiette and Hancock! have also patented a further 
development of this process. Their second patent covers 
a process in which the scrap is melted by controlled 
oxidation of solid carbon by means of a gas containing 
nitrogen and at least 30% oxygen. As in the first 
patent described above, the method is based on adjust- 
ment of gas to give controlled oxidation of the con- 
stituents of the scrap. 


V. Smelting Process in which the Zinc is 
Volatilised before the Charge is Blown. 
(Vereinigte Deutsche Metallwerke) 

In Germany, where special attention has been paid to 
the recovery of by-products in most industries, a process 
has been developed whereby it is claimed that all the 
copper and zine are recovered from brass, the copper as 
metal and the zine as oxide, without any loss in slag 
formation. This process was in operation before the 
1939-45 war and was described by Kohlmeyer" in 1937. 

The brass scrap was melted in an oil-fired rotary 
furnace, of about 4-ton capacity, and heated to drive off 
the volatile constituents, which burnt to oxides at the 
mouth of the furnace and were carried away through an 
exhaust hood to an electrostatic precipitator. The 
rotary furnace had the advantage that the whole of the 
charge was uniformly heated and this was considered an 
important aspect as the temperature of the charge was 
selected on a basis of the temperature giving a zinc 
vapour pressure of one atmosphere above the melt. 
This temperature is 1,070°C. for 60/40 brass and it 
increases as the zinc is carried away until it is 1,760° C. 
for a melt containing 14°, zinc. With this in mind the 
smelting of a charge, for example, of 60/40 brass scrap 
was carried out by gradually increasing the temperature 
from 1,070° C. to about 1,760° C. over a period of 4 to 
5 hours, with continuous rotation of the furnace. The 
author does not say what refractory was selected to line 
the furnace for operation at this high temperature. 

The zine was the first constituent metal to begin to 
volatilise and then, at about 1,400° C., any lead present 
began to go over with the zinc. Thus it was possible 
to collect the fume in two or more separate batches, 
the first containing only a little lead and the last being 
lead-rich. 

It is stated that there was no copper slag, which is in 
marked contrast to the result of treating scrap in a 
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converter, and another difference was that most of the 
tin was retained in the melt. The nickel also remained 
in the melt, and part of the lead, but some of the iron 
was eliminated, for example, brass containing 0-7°%, iron 
gave copper containing only 0-15°, iron. The residual 
copper contained less than 1°, zinc. 

In a test on the smelting of scrap containing 72%, 
copper, 22-8°, zine, 2-8% tin, 2°7% lead, 0-22, iron, 
0-10°, nickel, samples were taken at intervals from the 
melt and from the fume. At the end of one hour the 
composition of the oxide fume being produced at the 
mouth of the furnace was 80-0% zine, 0-15% tin, 
1-45°% lead, and at the end of five hours 74-2°%, zinc, 
0-68°, tin, 7-15°% lead. The composition of the melt at 
the end of five hours was 92-98°,, copper, 0-74°, zinc, 
3-70°, tin, 2-36°%, lead, 0-03°% iron, 0-15°% nickel. 

The residual copper from this process was used in the 
production of appropriate alloys or refined by one of the 
usual processes. If desired, the tin could be recovered 
as oxide in the same rotary furnace by mixing with coke 
and blowing with air, and this elimination could be 
accelerated by the addition of an equivalent amount of 
sulphur-containing material, such as pyrites. The 
formation of copper slag was avoided in this latter method 
and thus all the copper was recovered. An alternative 
method of recovering the tin was to blow air through 
the melt and form a slag containing copper stannate and 
then reduce this to give a tin-rich copper-tin alloy. 

It is stated that the process can also be applied to the 
treatment of nickel silver scrap to give copper-nickel 
alloys. 

VI. Distillation Process 

(Poland Process, Revere Copper and Brass, Inc.) 

This process, which was developed by Revere Copper 
and Brass, Inc., during the war as part of the American 
programme for dealing with the shortage of nickel, was 
described by Poland™ in 1946 and it has been patented". 
It was first used for treating nickel silver scrap, the zinc 
being distilled over and condensed in metallic form and 
the residual copper-nickel alloy being converted into 
condenser tube alloy by addition of 50°, virgin metal. 
The process has since been used for the treatment of 
brass, Monel metal and other copper alloys. 

The scrap metal is charged to a melting furnace and 
thence to a distillation furnace known as the Wilkins- 
Poland distillation furnace, which is essentially a retort, 
heated internally by electricity and designed to operate 
continuously at 1,750°-1,900° C. The distillation furnace 
is lined with carbon blocks, Poland’, having found that 
elemental carbon acted catalytically in driving off the 
last amounts of zinc from the melt. The carbon blocks 
are backed with clay refractories and insulating material 
which could be modified to enable the furnace to operate 
at temperatures up to 2,200°C. A current of inert gas 
is passed through the distillation furnace to prevent 
oxidation and to carry the zine vapours over to the 
condenser, where metallic zine is collected and cast 
into slabs. 

For treating nickel silver by this process the scrap is 
first separated into two grades, containing above and 
below 0-05% lead, for separate processing. 

When about 6-7 tons of molten metal has been 
charged into the distillation furnace from the melting 
furnace the charging is stopped and the distillation 
continued until there is a sudden drop in the temperature 
of the condenser, indicating that no more zinc is distilling 
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over. The treatment of one batch usually takes about 
eight hours. The flow sheet for the treatment of nickel 
silver is reproduced in Fig. 4. 


RECEIVED 
“| TRUCK _ 
Fig. 4.—Flowsheet of a 
Revere process for 
treatment of nickel 
silver scrap. ___ORYING ETc. 
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RECLAIM: 


The residual metal is transferred to a 


50-ton converter, where it is blown with air VEE 
and then poled. In treating the batches TNC CONDENSER 7 pers- 
RESIDUAL COPPER 


containing more than 0-05% lead, 2,000- 
3,000 lb. of sand and about 500 Ib. of sodium 
carbonate are added as flux to each 50-ton 
charge in the converter and blowing is 
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AS BLUE POWDER 


The treatment of brass scrap by this process was 
described in Poland’s" first paper in 1946 and further 
details have since been given in two more recent papers 
by the same author'*. 1. The flow sheet is reproduced 
in Fig. 5. There was 95% direct recovery of the copper 
from brass scrap and 85-92° % recovery of the zinc; 
1°, of the zine formed blue powder. The 
copper from the distillation furnace contained 
about 2°, zine and could have been used 
directly for brass production, but at Revere 
it was refined in a converter to give tough 
pitch copper. 

Typical analyses of the residual melt 
and zine slab obtained from brass were :— 


| Composition 


Cu Pb Fe Ni Sn Zu 
64- 8 “6 | 0-34] 0- 12 0-35 Remainder 
Residual melt | 95-1 | 1-50 | 0-50 ! 0-18 | 0-55 1- 
Zine slab 0-45) 1-55 Nil | Nil 
45 GAL. PER 
RECEIVED 
R R AND TRUCK 


SCRAP BRASS 


1916, 
WEIGHED IN LB LOTS 


AJAX-WYATT INDUCTION 


4 
FURNACE 24 ‘ON 


FURNACE 


TO FOUNORY LADLE 


45 GAL. PER TON 
METAL CHARGED 


alR 1200 CU FT PER 
MIN. AT IS LB GAUGE 


SAND, IRON-ORE | 


continued until a sample treated with nitric 
acid shows an insoluble residue of nickel 


LIME 


oxide. At this point, 2,000-3,000 Ib. of [- 


SLAB ZINC 


scrap iron is charged to reduce the nickel 


and copper in the slag to metal. 

It is stated that there was direct recovery 
of 95-97°, of the copper-plus-nickel content 
of the nickel silver scrap and 82-90°%, of the 
zine content. About 0-5% of the zine was 
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converted into blue powder. The remainder 
of the three constituent metals passed into 
the slags, which were dispatched to an electro- 
lytic refinery for recovery of the copper and nickel. The 
analysis of the final cupro-nickel ingots was 15-20% 
nickel ; 0-0-0-05°% lead ; 0-2% iron ; less than 0-002%, 
each of manganese, zinc, tin, silicon, aluminium ; balance 
copper. The analysis of the zinc obtained from the 
batches of nickel silver scrap containing less than 
0:05°%, lead was 0-04-0-10% lead, 0- 02% nickel, less 
than 0-01°, iron, 0-75°% copper, balance zinc. Higher 
lead contents in the original nickel silver gave rise to 
,1-0-2-0% lead in the zine. The zine was cast into 
* slabs and used for brass production, so that its rather 
high copper content did not detract from its value. 


By courtesy of the Editor. 


Fig. 5.—Flowsheet of Revere process for treatment of 
brass scrap. 


It is claimed that the initial investment for building 
this plant is appreciably less than for any of the existing 
processes, the saving being due to the elimination of 
cooling flues, bag houses and plant for the conversion 
of zine oxide to metal. 


VII. Smelting Process in which the Oxide Fume 
is Retained on the Surface of the Melt. 


A different method of collecting the zine oxide, by 
keeping it inside the furnace on the surface of the melt, 
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has been described by Arend!’ who states that this 
method was operated in Scotland some years ago. 

The metal scrap, which consisted of yellow brasses, 
Muntz metal, manganese bronzes and other alloys 
containing a high proportion of zinc, was roasted in a 
furnace with a specially constructed hearth. The supply 
of air was restricted, the temperature reduced and the 
charge stirred with rabbles inserted through closed 
port-holes in the furnace doors. The zinc oxide formed 
on the surface in a light fluffy mass and when most 
of the zinc had been oxidised the molten metal was 
tapped for further refining or for conversion to gun- 
metals and other alloys. 

Further scrap was charged into the furnace without 
removing the oxide and finally, when the last batch of 
metal had been tapped the oxide was further heated to 
reduce the amount of heavy metals present in it. Despite 
this precaution the oxides still contained as much as 
1-2°, copper besides lead, tin, antimony and possibly 
iron. The impurities always caused a slight grey or 
green colouration, so that the product had to be used 
in the preparation of light green paint compositions 
and it brought a lower price than high grade zine white. 


VIII. Methods of Collecting Flue Dusts 


In the foregoing sections on smelting methods, 
reference has been made to the collection of flue dusts 
in bag houses or in electrostatic precipitators. Either 
of these methods, possibly with the addition of a settling 
chamber is commonly used to entrap the oxides passing 
over with the fume from the smelting of copper scrap 
and residues, and illustrated accounts are to be found 
in many books. Liddell'’, for example, has devoted a 
chapter of his recent book to the separation of solids 
from gases by these and other methods. 

Settling Chambers.—This is the simplest type of equip- 
ment and is useful for collecting the coarser particles 
of dust. In some works the flue dust is passed first 
through a settling chamber and then, to entrap the 
fine particles, through a bag house or electrostatic 
precipitator. The chamber is so arranged that, by 
means of shelving, the maximum amount of settling 
area is provided for the dust to separate under the action 
of gravity. This equipment can be used at all reasonable 
temperatures, the costs of installation and operation 
are low, and the draught loss is low. Its disadvantages 
are that it occupies a large space and its efficiency is 
limited. 

Bag Filters ——This equipment generally consists of a 
battery of cloth filters, usually bags, through which the 
flue gases are passed. Other fineiy divided or fibrous 
materials such as asbestos, quartz, mineral wool, etc., 
may be used. Efficiency up to 99°, can be obtained. 
The automatic type of bag filter is cleaned at definite 
intervals by a violent shaking which dislodges the dust 
and discharges it into a hopper beneath the bags, and 
to aid the cleaning a current of gas is sometimes passed 
in the opposite direction to the normal flow at the same 
time as the bags are shaken. The chief limitation is 
that cloth bags do not withstand high temperatures or 
the action of destructive substances in the flue gases. 
There is scope here for the application of more resistant 
materials. The chief item of maintenance is replacement 
of the filter bags. 

Electrostatic Precipitators.—This method of entrapping 
flue dusts is based upon the fact that when a current 
of gas with suspended particles is passed between 
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charged electrodes the particles become charged and are 
attracted to the electrodes. The application of this 
method to the recovery of suspended solids, including 
metailic oxides, from furnace gases in copper smelters 
has been dealt with at some length by Welch’®. Dr. 
Cottrell, in 1906, was the first to apply the principle 
of electrostatic precipitation to the purification of gases 
and the present day equipment which has resulted from 
his work is usually known as Cottrell plant. The plant 
consists of a number of units, arranged either vertically 
or horizontally, each comprising a small negative 
electrode, such as a wire, and a positive electrode of 
large area, such as a plate or a cylinder. It can operate 
on gases at temperatures up to 700°C. The dusts 
collect on the positive electrodes and are removed by 
means of a hammering or jarring system attached to 
the electrodes, or by means of scrapers. Efficiency 
of 99-99-9°,, is claimed. 

Collection Inside the Smelting Furnace.—The method 
described by Arend!’ whereby zinc oxide is allowed to 
accumulate on the surface of the molten metal inside the 
furnace, has been dealt with above in Section VII 
Filter bags and precipitating plant are obviated in this 
process, but the product is of low purity. 


IX. Treatment of Zinc Oxide Fume : Recovery 
of Zinc 


Careful segregation of brass scrap free from lead and 
tin before smelting gives rise to flue dusts suitable for 
direct sale to paint manufacturers for the production 
of lithopone, or to manufacturers of fillers, insecticides 
or chemicals. The fume is sometimes sent to zinc 
distillers or to electrolytic refineries for the extraction 
of the metal. 

If small amounts of lead are present the flue dust 
can be used in the manufacture of zinc-lead pigments. 
Flue dusts containing small amounts of tin, up to say 
2 or 3%, are also used in pigment production, but 
higher amounts of tin are usually considered to be 
worth extracting. 

If cadmium is present it imparts a brown colouration 
to the oxide and other contaminants may cause the 
zine fume to be grey or pale green. These lower grade 
products can be used in the production of coloured 
paints. Cadmium can be separated by methods 
described below in Section XII. 

According to Miller? the zine oxide evolved from 
reverberatory, rotary or converter furnaces is of higher 
purity than that from blast furnaces and may be 
between 70 and 90°, purity. 


X. Treatment of Tin Oxide Fume : Recovery of 
Tin 


The oxide fume collected from the smelting of copper- 
tin scrap is generally converted to metallic tin. It can 
be smelted by the normal procedure for the extraction 
of metallic tin, i.e., roasting with coal dust followed by 
refining. If small amounts of lead are present in the 
oxide fume, arising from the presence of lead in the 
original scrap, the resulting metal will contain lead and 
can either be used in the production of solder or white 
metals, or can be further refined to remove the lead. 

Kroll® has given details of German practice in which 
tin oxide flue dust contaminated with small amounts 
of zinc oxide and lead oxide was leached first with 
sulphuric acid to remove the zinc, and then with caustic 
soda to remove the lead, and finally reduced to metallic 
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tin in a reverberatory furnace. The tin was cast into 
anodes which, provided their purity was at least 80%, 
were considered suitable for sulpho-stannate electrolytic 
refining. 

Lebedeff?®, of the American Smelting and Refining Co., 
has patented a method of separating tin from oxide 
mixtures containing antimony and arsenic, in which 
soluble alkali thiosulphides are first formed by fusion 
in a reverberatory furnace with carbon, sulphur and 
sodium bearing substances. The molten sulphides are 
allowed to run into water. After filtering, the solution 
is electrolysed and when most of the antimony has been 
deposited fresh cathodes are inserted for the deposition 
of the tin. Arsenic remains in solution. 


XI. Treatment of Mixed Oxide Fume : Recovery 
of Zinc, Lead and Tin 


The composition of the oxide fume obtained from 
mixed scrap is variously given by different writers. It 
may contain up to about 80% ZnO, up to 50% SnO,, up 
to 20°, PbO and up to 1% Cu,O, together with a certain 
amount of other flue dust blowing over from the furnace, 
this latter contamination being increased by the presence 
of loose, finely divided materials in the furnace charge. 

The first stage in the working up of this mixed oxide 
fume is usually the removal of the zinc, either by 
volatilisation and recovery as oxide or metal, or by 
leaching with dilute acids. In the former treatment the 
zine oxide is sent to pigment manufacturers and in the 
latter the zine can be recovered by electrolysis or used 
in the production of chemicals. The tin and lead are 
generally recovered in the form of an alloy suitable for 
the production of solders. Typical processes are 
described below. If cadmium is present it goes over 
with the zine in the volatilisation processes and can be 
separated by further treatment as outlined below in 
Section XII. 


(1) Processes 1N WHICH THE ZINC IS REMOVED 
FROM MIXED OXIDES BY VOLATILISATION 


The following methods are given as examples of this 
type of process :— 

At the ZryNWERKE WILHELMSBURG G.M.B.H.5® in 
Germany, the annual production from metal fume was 
2,000-4,000 tons of zine oxide and 1,000-2,000 tons of 
tin-lead solder. All oxide fume containing more than 
2%, tin was put through a treatment which consisted of 
roasting with coke, soda ash and fluorspar in a reverbera- 
tory furnace or a rotary Dérschel furnace (the latter was 
found to be more efficient), trapping the zine oxide as 
it was formed at the mouth of the furnace, and passing 
the tin-lead alloy to a refining kettle. The zine oxide 
was stated to be less pure than that obtained from 
smelting secondary copper-zine material free from tin 
and lead. The lead-tin alloy was treated with caustic 
soda to remove residual zine and some of the arsenic ; 
then with sulphur to remove copper; and with 
aluminium to remove antimony with the remainder of 
the arsenic. The successive drosses were fed to a small 
liquating furnace from which the metal was run back 
into the refining kettie. The drosses were treated for 
recovery of lead and tin. 

The Berzetivus METALLHUTTEN, G.M.B.H.* acted as a 
centre for treating the oxide fume collected by a number 
of German organisations. The mixed oxide fume was 
roasted with anthracite and soda ash in a special furnace, 
but the results were reported by British Intelligence 


Objectives Sub-Committee as being “not too satis- 
factory.” The end products were solder and impure 
zine oxide. 

Betterton and Phillips*! have patented a process, 
assigned to the AMERICAN SMELTING AND REFINING Co., 
in which mixed oxides are mixed with about 8%, coke, 
pulped with water to facilitate handling, charged into 
a furnace and smelted with a strongly reducing atmos- 
phere moving across the surface all the time. It is 
claimed that over 99°%, of the zinc is removed, leaving 
a tin-lead alloy containing only a trace of zine and 
suitable for use in the production of solder. 

Betterton, Phillips and Allen®* have patented another 
process, also assigned to the AMERICAN SMELTING AND 
Rerrmnine Co., in which the mixed oxides, which are 
difficult to handle on account of their finely divided 
character, are first treated to make them suitable for 
smelting and then smelted in a specially designed shaft 
furnace. The oxide dusts are sintered with 2-5-5-0% 
borax and the product is crushed and screened to form 
lumps of } in.-}in. mesh, which have suitable physical 
properties to enable them to be handled by any pyro- 
metallurgical operation. The sinter is smelted with 
reducing agents in an electrically heated shaft furnace, 
from which the gases are drawn out and passed to an 
external condenser, where zinc is collected in metallic 
form. Slag and tin-lead alloy are tapped from the 
shaft, and the slag, which contains borax, can be used 
in the preparation of another batch of sinter. 

Another American patent, assigned by Bardwell*® to 
the INTERNATIONAL SMELTING AND REFINING Co., is 
concerned with the deleading of zinc-lead fume. Twice 
the amount of coke required to reduce the lead oxide 
is added to the fume, and the mixture is fed for 4-1 hour 
through a rotary kiln at a temperature increasing from 
540°-650° C. at the beginning, to 1,110°-1,250° C. at the 
end. One such fume containing 65°, Zn and 9% Pb 
was treated with 1°% of coke to give a zinc-rich product 
containing 77°, Zn and less than 1% Pb, together with 
a lead-rich fume containing 50% Pb and 10% Zn. 

(2) Processes iy WHICH THE ZINC Is REMOVED 
FROM MIXED OXIDES BY LEACHING 


Barth*®, Ejinerl and Neurath!, and other writers 
describe methods in which the mixed oxide fume is 
leached with dilute hydrochloric or sulphuric acid, 
giving the zinc in solution as chloride or sulphate. The 
zine can be extracted electrolytically if required or the 
solutions can be used in the production of chemicals. 

Deitz™ has patented, and assigned to the Nassau 
SMELTING AND REFINING ComPaNyY, a leaching process 
which is stated to be specially applicable to fume 
containing antimony. The fume, containing oxides of 
zinc, lead, tin and antimony, is first leached with 
sulphuric acid to extract the zinc. The dried residue is 
roasted in contact with air at about 900° F. (about 
480° C.) to oxidise the copper, and then leached with hot 
16°, sulphuric acid. This second leach removes nearly 
all the copper and nearly half the antimony, and the 
antimony can be recovered. The residue from the second 
leach is mixed with half its weight of soda ash, roasted 
and leached with 10-15% sodium carbonate solution to 
remove the remainder of the antimony, which can be 
recovered. The residue from the third leach contains 
the tin and lead from the fume and they are extracted 
as a lead-tin alloy by smelting. 
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XII. Separation of Cadmium 


Any cadmium present in scrap metal passes over with 
the oxides into the flues when the scrap is smelted. If 
present in recoverable amounts it is separated from the 
oxide fume by one of the methods commonly used in 
separating it from zinc. These consist, briefly, in 
fractional distillation, leaching with acids, or electrolytic 
extraction. 

Arend®* states that wet methods of extracting cadmium 
from brass fume do not give economical results in 
practice. He describes a dry extraction process in which 
the fume from brass foundries is mixed with about 80°, 
of its weight of fine coal and fired in a small retort at a 
dull red heat. Conditions can be arranged so that about 
90%, of the zine oxide remains in the retort, together 
with most of the lead and tin. The cadmium volatilises 
in the metallic state, burns to oxide and is collected 
by passing through a specially prepared porous refractory 
which acts as a filter. After working a number of charges 
the porous refractory is removed, leached with waste 
pickling acid and the liquor is treated with zine dust 
which precipitates cadmium, lead, tin and copper. The 
precipitate is dried and distilled to give cadmium of 
99-9°%, purity. 

It is clear from the report that by brass fume the 
author means fume from mixed copper alloy scrap, 
containing lead and tin. He states that the success 
of the process is partly due in some way to the presence 
of the lead in the brass fume, since attempts to treat 
lead-free zinc fume by the process have been less 
successful. 


At the Berzetivus G.m.B.H.** the 
flue dusts containing cadmium are treated by the New 
Jersey Zine Co. fractionating process, with two lead 
columns and one cadmium column for each of the three 
stills. In this process, which is briefly described by 
Liddell (p. 460)?’ the liquid metal travels downwards 
through a column against a counter current of metallic 
vapour travelling upwards. The lead column, through 
which the metal passes first, comprises a series of 
superimposed trays of refractory material with staggered 
openings, permitting the molten metal to cascade 
downwards in intimate contact with the ascending 
metallic vapours. From the top of the lead column 
zine vapour passes into a condenser from which molten 
zinc issues into the cadmium column. At the top of the 
cadmium column cadmium is condensed as dust or as a 
cadmium-zinc alloy, and from the bottom refined zinc is 
obtained. The lead is retained at the bottom of the 
lead column. The cadmium dust is leached with 
sulphuric acid, the cadmium precipitated with zine and 
the resulting sponge melted under caustic soda. Berzelius 
Metallhiitte sells the cadmium to manufacturers of 
bearing alloys or cadmium batteries. 


XIII. Antimony and Nickel 


These alloying elements have been mentioned in 
several of the processes described in the present report, 
but as the information is scattered the following note 
has been added as a guide to the more important 
references. 

When antimony is present in the scrap some of it 
goes over with the fume, some passes into the slag and 
some is retained in the melt. Einerl and Neurath’ 
recommend segregation of antimonial scrap before 
smelting. The Lissauer"™ process, described in Section IV 
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of the present report, is specially suited to the treatment 
of alloys containing antimony. Lebedeff’s®® patent, 
described in Section X, covers a method for treating tin 
oxide fume containing antimony, the final separation of 
the two metals taking place in the electrolytic refinery. 
Deitz™* (see end of Section XI), has patented a leaching 
process specially applicable to the treatment of mixed 
oxide fume containing antimony. 

When nickel-rich scrap, such as nickel silver or 
cupro-nickel, is smelted, the blowing is usually stopped 
before all the nickel has passed into the slag, and the 
residual copper-nickel melt is used in the production of 
copper-nickel alloys. Nickel-rich slags from any of the 
smelting processes can be treated for the extraction 
of metallic nickel or copper-nickel alloys, or the nickel 
can be recovered in the form of salts. Furthermore, 
nickel is recovered, usually as sulphate, as a by-product 
of the electrolytic refining of the copper. 

The Poland process. for treating nickel silver 
scrap, which is described in Section VI of the present 
report, is of special interest in connection with nickel 
conservation. 

The process patented by Robiette and Hancock" (see 
Section IV) can be used to separate copper and nickel, 
all the nickel passing into the slag, from which it can 
recovered and all the copper being left in metallic 
orm. 
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Electrode Control in Electric Furnaces 


The illustration Fig. 5, shown on page 252 of the last 
issue in the article by Mr. Bashforth, was reproduced by 
permission of the American Institute of Mechanical and 
Metallurgical Engineers and does not represent the 
principles of electrode control applied on Birlec furnaces. 
Birlec, Ltd. claim to have a much more efficient method. 


Electric Furnaces in the Metal Industries 
By G. Reginald Bashforth, F.I.M. 


Continuing his discussion of the various types of electric furnaces in this second article 

the author considers the various types of low-frequency and high-frequency induction 

furnaces and concludes with a reference to the electric resistance furnace as used for heat 
treatment. 


INDUCTION FURNACES 
Low Frequency Type 

Induction furnaces fall into two classes — low- 
frequency and high-frequency furnaces; the earlier 
induction furnaces were of the low-frequency type. The 
induction furnace can be regarded as an electrical trans- 
former in which the primary coil induces a current in an 
annular bath or channel of metal, which replaces the 
secondary winding. 


s is the specific resistance of the steel, 
c is a constant, 
W, is the magnetic resistance around the 
secondary circuit. 
W, is the magnetic resistance around the 
primary circuit. 
This expression shows that the power factor (Cos Y) 
is highest when Tan Y is the lowest, or when the magnetic 


In the Kjellin furnace, shown in 
Fig. 9, the metal lies in a circular 
trough. This ring of metal forms a 
closed circuit throngh which a secondary 
current is induced by means of a high | 
voltage primary current passing 
through specially wound coils. The 
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primary coil is level with the metal 
bath and is wound around one leg of 
the transformer, which is built up of 
laminated plates. 

Another well-known low-frequency 
furnace is the Frick furnace which is 
similar in design to the Kjellin. A 
10-ton Frick furnace recently 
operating successfully with a power 
consumption of 620 kWh. per ton of 
steel produced. In this case the 
annular bath had an cutside diameter 
of 9 ft. and an inside diameter of 6 ft. 
4 in. The charge was made up to 
approximately ten tons, of which about six to seven tons 
were tapped off at the end of the process. The remainder, 
which after allowing for depreciation amounted to about 
two tons, was left in the furnace to form the secondary 
circuit for the subsequent charge. The primary current 
was at 5,000 volts, with a frequency of 5 cycles per second. 
The power factor of this furnace, however, was only 
0-528. 

The power factor of induction furnaces is of con- 
siderable importance and as shown by Wright* this 
factor can be determined from the formula :— 

cna 1 1 
Tan Ls W, 
where :—Y is the angle of phase displacement, 
n is the frequency, 
a is the area of the cross-section of the steel in 
the annular bath, 
L. is the length of the bath or channel, 
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Courtesy of the Staffordshire Iron and Steel Institute. Courtesy of the Staffordshire Iren and Steel Institute. 


Fig. 9.—-Kjellin electric furnace. 


Fig. 10.—Ajax-Wyatt furnace. 


resistances are high, the frequency is low and the 
electrical resistance of the secondary current is high. 

The low power factor so often characteristic of the 
early induction furnaces was due to the excessively low 
resistance of the secondary circuit and to the large area 
in which leakage of the magnetic lines of force could take 
place. The load factor is fairly regular and the distribu- 
tion of energy approximates :— 

To electrical losses .. .. .. 5% 

To radiation losses, &c .. .. .. 25/35% 
The radiation losses are high due to the difficulty 
experienced in designing suitable covers for the furnace 
and to the general design of the melting chamber. 

This type of furnace should be regarded merely as a 
melting medium as there is little or no space for slag 
refining even if a sufficiently fluid slag could be main- 
tained. It is necessary to leave a quantity of molten 
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metal in the furnace after each tap to form the secondary 
circuit for the subsequent heat. When starting up a new 
or empty furnace, the secondary circuit must be provided 
in the form of a metal ring or similar device, which is 
laid in the bottom of the annular bath or hearth. 

In spite of these disadvantages the low-frequency 
furnace is still employed for the production of special 
and alloy steels. Farnsworth and Johnson® discussed 
the operation of a six-ton low-frequency furnace in the 
U.S.A. engaged on the reclamation of stainless steel 
scrap. This furnace, which was of the horizontal ring 
type, had a crucible 7 inches wide at the bottom and 
15 inches wide at the top, with a depth of 15 inches. 
The current was supplied to the primary coil from a 
single phase generator at 2,200 volts and 900 amperes, 
with a frequency of 8-57 cycles per second. The furnace 
was operated in conjunction with an electric arc furnace, 
which supplied molten metal for refining. 

One of the chief uses of the low-frequency furnace in 
the steel industry is in conjunction with either electric 
are or open hearth furnaces. The molten metal is trans- 
ferred from these less expensive furnaces to induction 
furnaces where it is deoxidised and quality refined. 

Although the low-frequency induction furnace was 
originally developed for the melting of iron and steel, 
it is probable that its principal use to-day is in the melting 
of non-ferrous metals and alloys. An interesting low- 
frequency furnace which has been extensively applied 
to non-ferrous work is the Ajax Wyatt furnace. In this 
furnace the usual horizontal ring crucitle and the 
vertical iron core carrying the primary winding are 
replaced by a horizontal core carrying the primary 
winding, which is surrounded by vertical channels as 
shown in Fig. 10. The bottom ends of these channels are 
joined, forming the lower part of a ring around the 
primary, whilst the upper ends of the channels open into 
a large rectangular bath. Since the metal in the channels 
is hotter than the metal in the bath, the molten metal is 
in constant circulation. This motion is accelerated 
owing to the fact that the metal in one channel tends to 
repel the metal in the other channel. 

This type of furnace was first applied to the British 
brass industry in 1922, but since that time many furnaces 
have been installed for this purpose. In 1939 it was 
estimated that at least 1,000 induction furnaces were 
employed in the production of brass, representing the 
annual production of some 4,000,000,000 Ib. of brass. 

Since the temperature can be very delicately controlled, 
volatilisation losses can be reduced considerably and this 
feature is of great economic importance. It has been 
shown that the cost of producing brass for extrusion 
billets is about 70°, lower with the induction furnace 
than when employing coke-fired crucible furnaces. The 
power factor of these furnaces varies from 80 to 85°, 
and the approximate cost of the furnace lining, which 
should produce about 2,000,000 Ibs. of brass, is roughly 

£35-0-0 

These furnaces vary in capacity, but normally they 
are manufactured in three sizes—600 Ibs., 1,200 Ibs. 
and 2,240 lbs. absorbing 60 kW., 120 kW. and 240 kW.., 
respectively. The lining of the working crucible depends 
on the process employed. When melting a material 
which is a conductor of electricity the lining is made of a 
non-conducting material such as silica or magnesite. 
If the material to be melted is a non-conductor the 


lining is constructed of a conducting material such as 
graphite. 
High Frequency Type 

When for metallurgical and other reasons it was 
decided to dispense with the metal core characteristic of 
the earlier induction furnaces, it was necessary to 
increase the frequency in order to obtain a sufficiently 
high heat input. An alternating current does not pass 
through the whole cross-section of a conductor but tends 
to cling to the surface. The higher the frequency the 
higher this skin effect tends to become. As the frequency 
of the current is increased, therefore, the heat input is 
also increased according to the formula :— 

5,030 or 
\Fu 
where :P is the depth of penetration of the current in cm. 
r is the resistance of the charge in ohms ‘sq. cm. 
F is the frequency in cycles per second. 
p is the magnetic permeability of the charge which 
at high temperatures is unity. 
It will be noted that by increasing the frequency from 
50 to 2,500 cycles per second the depth of penetration is 
reduced practically one-seventh, with a corresponding 
increase in the heat input. This increased thermal 
effect is due to the fact that resistance is affected by the 
area of the conductor. An increased frequency, which 
results in less penetration, reduces the effective area of the 
conductor, thereby increasing the thermal effect. In 
other words, the higher the frequency the higher the 
thermal effect per unit of true cross-sectional area of the 
conductor, which in the case of a high-frequency furnace 
is the metallic charge. 

The high-frequency furnace is usually supplied with 
current at 1,000 to 2,000 volts. with a frequency of 1,000 
to 2,000 cycles per second. Formerly this current was 
supplied by static convertors of the spark gap 
type, but more recently motor generator sets have been 
designed to supply current at frequencies varying from 
500 to 2,500 cycles per second. 

In the high-frequency furnace the metallic charge is 
contained in a crucible made of a suitable refractory 
material, which may be either acid, basic or neutral. 
This crucible is surrounded by a heating or primary coil, 
which is built up of water-cooled copper tubes. Although 
comparatively near to the crucible this coil is main- 
tained at a low temperature. The space between the 
crucible and the coil is packed with sand or some suitable 
insulating material. (Fig. 11.) 

Specially prepared crucibles are sometimes employed, 
but the more general practice is to form the crucible by 
ramming a suitable refractory around the outside of a 
metal former or template. This crucible, after ramming, 
is fritted as a result of the heat produced by a current 
induced in the metal former. When the crucible is 
fritted the metal former can be removed, although the 
more usual practice is to melt it with the first charge. 

The high-frequency furnace is primarily a melting 
medium although, as pointed out by Swinden'®, a white 
falling slag can be, and is, regularly employed at some 
plants. It should not, however, be regarded as a refining 
furnace. Its principle use in the iron and steel industry 
is the production of those steels formerly made in coke- 
fired crucible furnaces. For the production of this type 
of preduct it offers the following advantages :— 


p= 


9 Farnsworth and Johnson, Jnl. & 8. Jnst., 1938, 1. 
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10 Swinden, Jron and Coal Trades Review, Jan., 11, 1935. 
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Courtesy of the Staffordshire Iron and Steel Institute. 


Fig. 11.—-Ordinary high-frequency furnace. 
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1. Any carbon pick up, which is important in the 
manufacture of low carbon steels, is avoided. 

2. Sulphur contamination is unknown. 

3. Temperature control is definite and accurate. 

4. Great uniformity can be obtained owing to the 
motion of the bath resulting from currents set 
up within the bath. 

5. Ahigh conservation of alloying elements is possible. 

6. Owing to a more accurate control of oxidation and 
subsequent deoxidation, non-metallic inclusions 
can be considerably reduced. 

It has been found that the high-frequency furnace 
is the only satisfactory medium for the produc- 
tion of steels containing a high percentage of 
aluminium. 

There appears to be little doubt that the high- 
frequency furnace will largely replace the coke-fired 
crucible furnace for the production of high grade steels. 
It will also be readily adopted in conjunction with small 
open hearth or electric are furnaces for the manufacture 
of special steels in a duplex process, the molten metal 
from the open hearth or the are furnace being trans- 
ferred to the high-frequency furnace, where it is deoxi- 
dised and quality refined. 

The removal of the iron core, which was a feature of the 
low-frequency induction furnace, resulted in the reduc- 
tion of the conductivity of the magnetic flux to the 
magnetic conductivity of air with a corresponding 
reduction of flux. It also resulted in the distribution of 
the magnetic field being uncontrolled, which limited the 
efficiency of the furnace and rendered it necessary to 
avoid magnetic material in the construction of the 
furnace. It was for this reason that the earlier high- 
frequency furnaces were enclosed in a wooden box. 

When the structural steel casing was introduced for 
the coreless induction furnace, a magnetic shield of sheet 
copper was inserted to prevent the overheating of the 
furnace casing by stray magnetic fields. Suitable 
screening has been the subject of many interesting 
papers  * and the Witton high-frequency furnace 
is an example of an attempt to control these magnetic 
fields. The Witton furnace may be regarded as a semi- 


11 German High Frequency furnace Design, Jron and Coal Trades Review, 
Sept. 14, 1934. 
12 G.8.C, Journal, Vol. LIT, Nos. 2 and 4. 


306 


Courtesy of the Staffordshire Iron and Steel Institute. 
Fig. 12.—-Witton high-frequency furnace (Stobie patents). 


coreless furnace. In this furnace an alloy steel path 
surrounds the inductor coil and passes underneath the 
crucible, terminating in the nucleus of a core in a central 
position under the crucible and in line with the vertical 
axis of the inductor coil. This design results in a strong 
centrally situated magnetic field within the crucible and 
a reduction in the tendency for the promotion of stray 
magnetic fields. (Fig. 12.) 

The distribution of energy in the high-frequency 
furnace approximates :— 


To the charge... .. .. .. .. 58% 
To cooling water .. .. .. .. 3% 
To electrical losses es 


To radiation losses, &c... .. .. 16% 

It will be noted that the radiation losses are lower than 
in the low-frequency furnace, due mainly to differences 
in furnace design. The electrical losses are higher than 
either the low-frequency or the are furnace. The load 
factor has a well marked trend ; with a furnace operating 
on a one hour melting cycie the load factor is about 80% 
at the commencement. This factor drops gradually 
until at the end of about eight minutes it is about 50%. 
From this stage the load factor begins to rise again and 
at the end of about a quarter of an hour it is back to 
90 to 100%, at which figure it remains fairly constant 
for the rest of the process. 

The power factor of these furnaces, however, is low 
and condensers in the circuit are essential. One bank of 
condensers is set in series to maintain constant voltage, 
whilst another bank is set in parallel to correct the power 
factor. The condensers set in parallel are usually divided 
into two banks, one which is permanently connected 
across the furnace terminals and the other, which is sub- 
divided into 6 to 12 sections, can be switched into the 
circuit as required. The fixed bank is usually about 
40°, of the total. The operation of these condensers is 
regulated from the control panel. 

A very interesting description of the high-frequency 
installation at the Stocksbridge works of the United 
Steel Co.’s, Ltd., appeared in the technical press'® a few 
years ago, when the electrical equipment was discussed. 


13 Inman and Wainwright, British Steelmaker, Sept., 1939. 
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RESISTANCE FURNACES 


In the resistance furnace the heat is produced by the 
electrical resistance of a definite conductor, and this 
limits the maximum temperature attainable. Whereas 
in the electric arc temperatures up to 3,000°C. are 
possible, in resistance furnaces this maximum is governed 
by the temperature at which the heating units or ele- 
ments fail, which will depend on the type of heating 
element employed. With nickel chromium alloy the 
maximum temperature is about 1,000°C., whilst a 
higher temperature, approaching 1,750°C, is possible 
with silicon carbide which is sometimes employed. Still 
higher temperatures can be attained in carbon resistance 
furnaces. 

This type of furnace is chiefly employed for the heat 
treatment of metals and alloys, although it can be used 
for the melting of low melting point metals and alloys. 
It is an ideal furnace for heat treatment purposes owing 
to the fact that the charge can be heated without 
contamination and under controlled atmosphere condi- 
tions and it has been extensively adopted for bright 
annealing. 

The power factor of resistance furnaces is generally 
good and requires little or no correction. The load 
factor depends largely on the mode of operation. If 
working continuously, a fairly steady load factor can be 
obtained, but intermittent working causes this factor 
to drop very seriously. If intermittent operation cannot 
be avoided, the furnace should, as far as possible, be 
warmed up during the off-peak periods when cheaper 
power is available. It is obvious, however, that con- 
tinuous operation, where practicable, is the more 
economic proposition. 

Another serious factor in thermal efficiency is the 
control of radiation losses. These losses can be greatly 
reduced by due attention to insulation and the correct 
mode of operation. On furnaces working intermittently 
the time lost between charges is sometimes considerable. 
In continuous furnaces due regard must be paid to the 
weight of the metal supports and carriers, as excessive 
weight may lead to unnecessary heat losses. In cor- 
rectly designed tunnel-type continuous furnaces, how- 

ever, these losses can be reduced to a minimum and great 
efficiency can be achieved. 


There are two methods of controlling the furnace 
temperature and both have their merits and demerits. 
In the “ on-off ” control the furnace is brought up to the 
maximum temperature limit when the power is switched 
off by pyrometric impulse. When the surface has cooled 
down to the lower temperature limit, the power is again 
switched on by pyrometric control. This cycle is re- 
peated in the maintenance of a temperature range. 
Although cheaper to instal, this method has obvious 
disad vantages. 

In the other method the control of temperature is 
attained by a smooth variation of the power input. 
Although more expensive to instal this method gives 
better results anda steadier load. 

Circulation within the furnace chamber has also an 
important bearing on the efficiency of heat transfer. At 
temperatures of 500°C. and over, natural convection 
assures satisfactory heat transfer. At lower tempera- 
tures, however, the flow of air or atmosphere must be 
controlled to ensure uniform heat distribution. It is 


frequently necessary to instal fans to produce the 
requisite circulation of heat. 
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It would appear that the future adoption of electric 
furnaces in the various branches of the metallurgical 
industry will depend on the cost of electric power as 
compared with the cost of other forms of heating. The 
cleanliness of such furnaces, however, and the degree 
of control possible present many distinct advantages. 
Even where the cost of electric power may exceed the 
cost of other forms of fuel, electric furnaces, carefully 
selected for the particular job, may merit installation 
owing to the higher grade of product that can be 
produced. 


Educational Work in Steel Plants 
An Experiment at a Rotherham Works 


ONSIDERABLE educational work is now carried 
on in works all over the country and although the 
schemes operating vary, largely to meet local conditions 
and also the industries concerned, the success has been 
such as to warrant increasing attention to this form 
of social work. The United Steel Companies Ltd. is 
one of the many firms operating an excellent scheme 
successfully, but the existing scheme did not provide 
facilities during a shut down of plant for repairs or 
modifications and young workers laid idle. Such an 
instance occurred last month at the Steel, Peech and 
Tozer Branch at Rotherham when the 10 in. and 14 in. 
mills were shut down for four weeks for repairs and 
electrification, of which notice had been given some 
three months earlier. This department employs about 
30 youths and laying them idle presented a problem. 
Following a discussion among the executives concerned 
the education officer, Mr. T. H. Hawkins, was asked to 
build up a programme and to invite every youth in the 
department under 18 years of age to participate. With 
one or two exceptions all the youths expressed a wish 
to take part and a rather comprehensive programme 
was arranged. 

Broadly, the programme was arranged on three 
principles :— 

(1) To improve the youths’ knowledge of the iron and 

steel industry and of his job ; 

(2) To improve their qualities as citizens; and 

(3) To help them to make better use of their leisure 

hours. 

The first has been carried out by a series of illustrated 
talks on the main processes of the industry and by 
talks on the 10 in. and 14 in. mills; visits to other steel 
firms, in which the processes differ from those at Steel, 
Peech and Tozers, and to firms who use steel rolled in 
10 in. and 14 in. mills ; and by film shows on all aspects 
of the iron and steel industry. 

On citizenship many prominent local people have 
contributed in talks about the youths’ place in the 
social and industrial system ; while on the subject of 
leisure hours, the youths were encouraged to talk about 
their hobbies—dancing, football, swimming, etce.—so 
that they could pass on their experiences. 

The whole scheme was admirably arranged for a 
5-day week, from 9a.m. to 4-30 p.m. with 14 hours 
mid-day break, and no talk exceeded } hour. An 
‘““extra ’’ inserted in the scheme was a series of talks, 
illustrated by films and experiments, on various aspects 
of modern science by the senior physics master of 
Felsted School, who gave up a week of his holiday to 
take part. His talk on the science of athletics was 
particulariy well received. 
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Some Factors Involved in the Hardening 
and Tempering of Steel 


As a result of research work carried out in the last two decades, our knewledge of the 
principles involved in the heat treatment of steel, particularly with regard to the 
transformation of austenite, has increased considerably. During a recent visil to this 
country, Dr. Morris Cohen, Professor of Physical Metallurgy at the Massachusetts 
Institute of Technology, addressed a special Joint Meeting of the Sheffield Society of 
Engineers and Metallurgists and the Sheffield Metallurgical Association on the subject 
of hardening and tempering of steel. A brief account of Professor Cohen’s lecture is 
presented here. 


reference to the terms hardenability, hardening 

and hardness. The first named signifies the 
ability of the austenite to resist transformation into 
pearlite or bainite before reaching the temperature 
range of the martensite transformation—in other words 
it depends on the position of the nose of the standard 
S-curve. The longer the incubation time at the nose 
temperature the easier it is in practice to cool sufficiently 
rapidly to avoid these undesirable transformations, and 
the effect of alloy additions in this regard is well known. 
The actual hardening occurs at lower temperatures, 
where the austenite transforms to martensite, and the 
hardness of the martensite so produced is dependent 
primarily on carbon content—a high carbon martensite 
being harder than a low carbon martensite. 


P ecteence COHEN opened his lecture with a 


The Formation of Martensite 


The martensite transformation differs from the 
transformations to pearlite and bainite in that it is 
insuppressible—whereas cooling rates as low as 100° F. 
sec. may be sufficiently rapid to prevent the latter 
transformations, it is impossible to suppress the marten- 
site reaction by cooling rates as high as 28,000° F. /sec. 
This is due to the fact that whilst pearlite and bainite 
formation depend on diffusion, and are therefore time- 
dependent, the transformation of austenite to martensite 


takes place by a type of shearing action in which no 
considerable movement of atoms relative to their 
neighbours is involved. All this means that the start 
of the martensite transformation depends on temperature 
rather than on time, a fact which is utilised in the 
martempering process. 

Fig. 1 shows the lower portion of the transformation 
diagram for a 0-75°, carbon steel in which it will be 
seen that martensite begins to form at a temperature 
M, and, as the temperature is lowered, austenite con- 
tinues to transform to martensite until at some tempera- 
ture M, (not shown in the diagram) the transformation 
stops. The first point to be noted in the diagram is 
that the iso-martensite lines are horizontal, i.e., at a 
given temperature a fixed amount of martensite is 
formed and no appreciable transformation to martens'te 
occurs on holding at that temperature. Continued 
holding at temperature may eventually result in bainite 
formation as indicated by the linking of the bainite and 
martensite transformation curves, the dotted curve 
indicating the beginnings of isothermal transformation 
below M,. The shape of this curve denotes an accelera- 
tion of the bainite reaction due to the co-existing 
martensite, but at lower temperatures this effect 
diminishes and at temperatures near the ambient, the 
retained austenite is remarkably persistent, a fact of 
considerable practical significance. 
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Fig. 1.—-Austenite decomposition diagram for 0-75°, 

C, steel austenitised at 1,750° F. Horizontal lines repre- 

sent martensite formation on cooling, curved lines show 

bainite formation on isothermal holding. Dashed line 

indicates beginning of isothermal transformation below 
Ms. 


Fig. 2.— Martensite transformation curves for 
1-1°, C.-2-8°, Cr. steel, after austenitising at 
1,550, 1,700 and 1,900° F. 
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ture for a given steel is 
independent of the cooling 
rate, it is influenced by the 
austenitising temperature as 
indicated in Fig. 2 in which 
the percentages of marten- 
site in a 1-1% C, 2-8% Cr 
steel, after austenitising at 
1,550°, 1,700° and 1,900° F. 
are plotted against the cool- 
ing temperature. The lower 
the M, point, the higher is 20 
the retained austenite con- L 
tent at room temperature. 0 Po 
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The martensite - reaction -300 
range can be lowered by 
increasing the alloy and 
carbon content of the steel 
(see Table I). The effect of 
austenitising temperature is 
nartly due to the increase 
in solubility of carbon and 
alloying elements at the 


TABLE I.—RELATIONSHIP BETWEEN THE EFFECTS OF ELEMENTS 
ON Ms AND ON PROPENSITY FOR RETAINING AUSTENITE. 


Change of Ms per Change of retained 
Element 1% of element. austenite * per 1% 
F. | ofelement. Percent. 
| | 
Carbon | | 
Manganese .. | | 
Chromium .. | 
Molybdenum oo 


Aluminium 


* In presence of 1% Carbon. 


higher temperatures. However, even in the tempera- 
ture range where undissolved carbides exist, part 
of the effect hitherto ascribed to changing composition 
may be due to the more subtle process of changing 
association between iron and carbon atoms within the 
austenite. A further factor is the increase in grain size 
which, although small in effect, favours martensite 
formation and tends to reduce the retained austenite. 

Room temperature is of no theoretical significance in 
the hardening process; it is merely a convenient 
stopping place in the quenching of steel. As will be 
seen from Fig. 3, further transformation may take place 
at sub-zero temperatures. 


Retained Austenite 


It is unusual to obtain a structure which is entirely 
martensitic at room temperature—there is usually some 
retained austenite. The elimination of the last traces 
of retained austenite is difficult to achieve even by 
refrigeration, due to the flattening of the transformation 
curves (Fig. 3). Holding at room temperature prior to 
refrigeration results in a stabilisation of the remaining 
austenite so that on cooling to a given sub-zero tem- 
perature more austenite is retained than would otherwise 
be the case. This is merely a particular aspect of a 
general phenomenon which may be illustrated by 
reference to Fig. 4. The curves therein show the effect 
of arresting the hardening quench of a 1-1°,, C.-1-5°, Cr 
steel for 30 minutes at various temperatures within the 
martensite range. It will be noted that stopping at 
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Fig. 3.—Martensite transformation 

above and below room temperature 

in (a) 1-1°, C. steel, (b) 18-4-1 high- 

speed steel, and (c) 1-5°,, C.- 12°, Cr. 

steel, austenitised at 1,550, 2,350 and Oo 
and 1,800° F. respectively. 


Room 


40 80 120 160 200 240 
Temperoture °F 


Fig. 4.—-Martensite transformation in 

1-1°, C.-1-5°, Cr. steel, austenitised at 

1,900° F. during continuous cooling and 

after holding for half an hour at Ty, — 
150, 130, 110 and 70° F. 


130° F. the steel structure is 51°, martensitic but after 
holding at that temperature for half an hour, trans- 
formation is completely inhibited, on further cooling, 
until a temperature of 115° F. is reached when it sets 
in and follows parallel to the normal curve. During 
the drop from 130° F. to 115° F., 6°, of austenite would 
have transformed to martensite, were it not for the 
stabilising effect, and the 6°, remains lost to the 
transformation. The increase in the stabilising effect 
at lower temperatures is due to the increase in the 
amount of martensite in the structure. 

From the foregoing it will be clear that the amount 
of austenite retained at room temperature depends not 
only on M, but also on the degree of stabilisation that 
occurs during cooling. Inasmuch as the stabilisation 
process is both time and temperature dependent, it 
may set in during retarded cooling. This explains the 
fact that oil quenching of tool steels frequently leads to 
more retained austenite than rapid quenching. Mar- 
tempering, which involves air cooling through the 
martensite range, results in still more retained austenite. 

Referring again to Fig. 4, the position of co, (tempera- 
ture above which no stabilisation occurs) relative to 
M, is of importance. In the highly alloyed austenites 
stabilisation can occur even in the absence of martensite 
and o, lies above M,. In certain high carbon, high 
chromium steels, stabilisation sets in if the cooling rate 
in approaching M, is retarded ever so slightly and 
extremely rapid cooling must be invoked in order to 
prevent the M, temperature from being depressed by 
the encroaching stabilisation. For high speed steel, 
o, lies just below M,, so that although M, is insensitive 
to cooling rate the formation of only a few per cent. of 
martensite is required before stabilisation is able to 
set in. 

Martempering 


The fact that the rate of cooling necessary for the 
martensite transformation need not, in general, be very 
high is employed in the martempering process. After 
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austenitising, the steel is quenched into a bath at a 
temperature just above the M,, in order to suppress the 
transformation of austenite to intermediate products. 
The centre of the section naturally cools more slowly 
than the outside ; it is, therefore, necessary, if through- 
hardening is to be obtained, to choose a steel with an 
S-curve which indicates that the intermediate trans- 
formations will be avoided even at the relatively low 
rate of.cooling prevailing at the centre. After quenching, 
the steel is held in the bath until the temperature is 
equalised throughout the section and then is air-cooled 
through the martensite range. 

In straight quenching it is quite within the bounds of 
possibility that the outside has been well transformed 
to martensite before the centre has started to transform. 
In this way severe internal stresses are set up which 
may lead to cracking or distortion. In the martempering 
process, as the temperature is equalised just above 
M, and the cooling rate through the martensite range is 
relatively low, there is a considerable diminution in 
the internal stress generated and the cracking tendency 
is greatly reduced. 

Tempering 


Martensite has a body-centred tetragonal structure 
resulting from the distortion of the body-centred cubic 
lattice of iron by the carbon atoms. These carbon 
atoms occupy interstitial positions at the centres of the 
cube edges and faces. This would not lead to tetra- 
gonality were it not for the fact that only certain of 
these possible sites are occupied, namely, the centres 
of the vertical cube edges and of the top and bottom 
faces of the unit cell. In this way the c parameter is 
increased relative to the a parameter, the ratio c/a being 
dependent on the carbon content. It will be appreciated 
that with a 1-0°, carbon steel only a small proportion 
of the preferred sites are actually occupied. 

When a steel is quenched, in such a way that the 
intermediate transformations are avoided, the structure 
consists of martensite and retained austenite. Such a 
structure is unsuitable for most service conditions, as 
the martensite is very brittle and the retained austenite 
will cause trouble if it transforms subsequently. There 
appears to be a correlation between grinding cracks and 
retained austenite inasmuch as the latter may be 
sufficiently heated or stressed in grinding to transform 
to a brittle and highly stressed martensite. 

Due to the unsatisfactory nature of the quenched 
structure it is usual to temper the steel after hardening. 
This consists in heating at some temperature below the 
critical range. As a result of investigations by various 
physical methods, it has been established that, as the 
temperature is increased, the process passes through 
four stages, namely, (1) Decomposition of tetragonal 
martensite ; (2) Decomposition of retained austenite ; 
(3) Formation of cementite; and (4) Formation of 
complex carbides. These stages will be better under- 
stood by reference to Fig. 5 in which are plotted the 
results of an X-ray analysis of a hardened 1-0% C 
5-0°, Ni steel after tempering at various temperatures. 
Examination of the centre section of the illustration 
shows that the c/a ratio for martensite falls gradually 
to a value approaching unity at 400° F., thus indicating 
that the tetragonal martensite has decomposed by loss 
of carbon. The carbon presumably forms into some 
sort of grouping, but X-ray investigations do not 
indicate the presence of cementite at this stage. The 
upper curve showing the amount of austenite present 
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Fig. 5.—X-ray measurements made on tempered 1°, C.- 
5°, Ni. steel. 


indicates that decomposition (to bainite) takes place 
over the range 400°-600° F. Subsequently cementite 
makes its appearance and later, in steels where strong 
carbide-forming elements are present, the formation of 
the more stable complex carbides takes place. 


Dimensional Stability 


The importance of retained austenite has been 
referred to in connection with grinding cracks. It is 
also of considerable importance in the question of the 
dimensional stability of jigs and gauges. It has been 
definitely established that a small fraction of the 
retained austenite in hardened steel undergoes decom- 
position to martensite at room temperature with 
resultant dimensional changes. (0-1°, austenite causes 
an expansion of 14 micro inches/inch on decomposition.) 
At the same time the co-existing martensite undergoes 
partial tempering at room temperature causing a 
contraction which detracts from or masks the expansion 
due to the austenite decomposition. 

Figs. 6 and 7 show the effect of tempering temperature 
on the dimensional stability of a 1-0%C. 1-5% Cr. 
steel, the former after quenching in oil at room tem- 
perature, and the latter after oil quenching followed by 
immediate cooling to —320°F. It should be noted in 
studying the curves, that the dimensional changes 
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Fig. 6.—Effect of tempering for 1 hour, at the indicated 
temperatures, on the subsequent dimensional stability, at 
room temperature, of a 1°, C.-1-5°, Cr. tool steel. 


plotted have occurred at room temperature after 
tempering at the temperature indicated. 

From the percentage of retained austenite in each 
case, it is possible, by the solution of simultaneous 
equations, to determine the effect of the retained 
austenite alone. The higher the tempering temperature, 
the smaller is the effect of the retained austenite, but 
this is not due entirely to the fact that the austenite has 
been transformed on tempering. Rather is it due to 
stabilisation of the austenite as is indicated by the fact 
that a fairly stable steel results from tempering at 
250°-300° F., where very little transformation to 
bainite occurs. 

Tempering of High-speed Steel 

In the highly alloyed tool steels, a sluggish austenite 
is encountered which does not transform in the 400°- 
600° F. range. By tempering at 900°-1,100° F., how- 
ever, the austenite is ‘ conditioned’ and as a result 
secondary martensite is formed on cooling down. As 
the co-existing martensite in 
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Fig. 7.—Effect of tempering for 1 hour on the subsequent 
dimensional stability of the same chromium tool steel after 
sub-zero hardening at -320° F. prior to tempering. 
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usually converts more retained austenite than single 
tempering for an equal length of time. Each cooling 
provides a new batch of martensite which: helps the 
conditioning during subsequent tempering. 


Double tempering of high speed steel was used to a 
limited extent many years ago, but its widespread 
adoption awaited a rational explanation. The second 
tempering is carried out for the purpose of toughening 
the secondary martensite that forms during the cooling 
from the tempering treatment. Triple tempering may 
be justified where, to avoid quenching cracks, an 
interrupted hardening quench, followed immediately 
by tempering, is adopted. An unduly large amount 
of austenite is retained by such a quench and it is 
difficult to transform all of it in a single tempering 
cycle. The remaining austenite is converted during the 
cooling from the second temper, and this introduces a 
new increment of untempered martensite that must be 
toughened by a third temper. 
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The Intermediate Steels 

In passing from the low alloy steels te the high speed 
steels the retained austenite changes its behaviour. In 
the former it transforms to bainite on heating, whereas 
the more highly alloyed austenite has to be conditioned 
so that it will transform to martensite on cooling. A 
link between the two modes of decomposition is to be 
found in the high-carbon, high-chromium steels, in 
which the austenite can be given varying degrees of 
stability by alterations in the quenching temperature. 
In Fig. 8 are plotted the magnetisation curves on 
heating such a steel to 1,000° F. after quenching from 
the temperature indicated, whilst in Fig. 9, the corres- 
ponding curves on cooling, after 2 hours at 1,000° F. 
are shown. The kinks in the heating curves for the 
lower quenching temperatures are due to bainite 
formation but, with increasing temperature of quenching, 
the austenite becomes more stable and this change is 
suppressed. The cooling curves for quenching tem- 
peratures of 1,850°-1,900° F. bend upwards below 
650° F. as a result of retained austenite decomposition 
during cooling from the tempering at 1,000°F. The 
product here is secondary bainite, not martensite, as is 


confirmed by the fact that rapid cooling will suppress 


this change. After higher quenching temperatures, 
there is less and less indication of decomposition in the 
bainite range because the transformation is suppressed 
to temperatures below 300° F. where martensite is 
formed, as in the tempering of high speed steel. It is of 
interest to note that secondary bainite can be formed 
on cooling high speed steel from the tempering treatment 
if the cooling is interrupted at a suitable temperature. 
For instance, the retained austenite in an 18—4-1 steel, 
held at 500° F. after cooling from the usual tempering 
at 1,050° F. will transform completely to bainite in 
24 hours. 75°, transformation is achieved in 4 hours 
and 50°, in 1 hour. It is claimed that such bainitic 
tempering results in superior cutting properties. 

Professor Cohen concluded his lecture with a plea 
for greater attention to be paid to tempering, which has 
become comparable to the hardening operation in 
interest and importance. 


We are indebted to The American Society for Metals 
from whose publications the graphs in this report have 
been reproduced. 


The Institute of Metals 
Autumn Meeting in Paris 

A’ the invitation of the Société Frangaise de Métallur- 

gie and the French Non-Ferrous Metal Industries, the 
Forty-first Annual Autumn Meeting of the Institute of 
Metals was held in Paris at the beginning of this month. 
Although the Institute has held two provincial autumn 
meetings since the war—in Glasgow and Cambridge— 
this is the first occasion on which such a meeting has been 
held outside the British Isles since 1936, when Paris was 
also the venue. The meeting was divided into twe parts : 
the first, consisting of scientific and technical sessions 
and visits to works and laboratories in the neighbour- 
hood of Paris, extended from October 3rd to October 
8th. Part 2, a series of separate tours to various parts of 
France, including visits to important non-ferrous 
metallurgical works, took place the following week. 

Simultaneously with the Institute’s meeting, the 
Annual Meeting of the Société Francaise de Métallurgie 
was held in the same building, the Maison de la Chimie, 
but the sessions were so arranged that those dealing 
with non-ferrous metallurgy did not clash. The French 
Society's meeting was opened by an address by Dr. R. 
Seligman. 

At the technical sessions papers covering a wide range 
of subjects were presented for discussion. The field 
covered included the working of light alloys; the 
application of segregation and liquation in non-ferrous 


metallurgy; recrystallisation effects in aluminium 
alloys; non-metallic inclusions in magnesium alloys ; 


theoretical considerations of metal strength ; and pure 
platinum made by powder metallurgy. 

On Monday evening, the Twenty-seventh Autumn 
Lecture was delivered by Professor Georges Chandron, 
on the subject of “ Recent French Work in the Field 
of Light Alloys.” The lecture was followed by an 
informal conversazione at the Maison de la Chimie. 
Other highlights of the programme included a civic 
reception at the Hotel de Ville, by the President du 
Conseil Municipal, M. Pierre de Gaulle, brother of 


312 


General de Gaulle, and a banquet at the Cercle Interallié, 
by invitation of the Société Frangaise de Métallurgie and 
the French Non-Ferrous Metallurgical Industries. 

Probably the outstanding event of the week, however, 
was the ceremony at the Sorbonne commemorating 
the centenary of the birth of Floris Osmond. Unfortu- 
nately changes in the French Government prevented the 
attendance of M. Auriol, the President of the Republic, 
but a large audience was present to listen to the First 
Osmond Memorial Lecture delivered by the eminent 
Swedish metallurgist, Carl Benedicks, who was also the 
first recipient of the newly-founded Osmond Medal. 
Following Professor Portevin, who spoke on Osmond’s 
life and work, Professor Benedicks dealt with the 
developments of Osmond’s work since his death. 
Probably few who were present will ever forget the 
delightful episode in which Professor Portevin drew his 
sword, which he carried as a part of his uniform as a 
Member of the French Academy of Science, to enable 
Professor Benedicks to use it as a pointer for his illus- 
trations. 

The remainder of the time was occupied by visits to 
works of a metallurgical interest and in sightseeing. A 
number of members took advantage of the opportunity 
of visiting the Salon d’Automobile, the French Motor 


Show. 


Determination of Ferrous Oxide in 
Chrome Ore and Chrome- magnesite 
Refractories 


SAMANTA AND SEnN* give a modified Shein method 
using V_O, which gave satisfactory results for FeO and 
Fe,O, contents that checked with combustion methods. 
Fe,O, contents of 8-72°, to 20-2°, were determined in 
ten samples of Bihar chrome ores, while the same ores 
calcined to 950° C. for two hours and chrome magnesite 
brick analyses showed ferrous iron to be totally absent. 


* Trans Indian Ceramic Soc., 1946, 5, No. 3, 97-100, 
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Foundry Steel-melting Conference 


Discussion on Steelmaking Processes 


Under the auspices of the Steel Castings Division of the British Iron and Steel Research 
Association a very successful steel-melting conference was held at Ashorne Hill, Leaming- 
ton, on September 22nd and 23rd, at which a wide cross section of the foundry industry, 
including executives, management, technical staff, suppliers, equipment manufacturers 
and even representatives of the National Coal Board, discussed steelmaking processes. 
The papers were short and, in many cases, controversial, and they provoked interesting, 


and sometimes lively, discussion. 


This report of the conference presents some of the 


more salient features. 


WIDE range of melting problems was covered 
A at this conference organised by the Steel Castings 
Division of the British Iron and Steel Research 
Association, and practically every steelmaking process, 
except the time-honoured crucible, was included in the 
programme. There were four papers on various aspects 
of the cupola/converter process; four papers dealing 
with the electric-are process; under other melting 
processes were three papers on foreign practice, the high- 
frequency and open-hearth processes, respectively ; and 
a final session was devoted to general items which 
included the fluidity of different steels and the cost of 
melting in foundries. A third paper included in the 
programme, that on specifications for steel castings, was 
not presented owing to the absence of Dr. E. Gregory. 
The papers were short and were intended to give a 
résumé of their respective subjects bringing out salient 
points, and, in many cases, controversial opinions were 
expressed with a view to provoking an interesting, and 
sometimes lively, discussion. Although it was a very 
full programme time was found to include a short talk 
by Mr. Newby, of the British Iron and Steel Research 
Association, on the work he is doing on the fundamental 
subject of liquid and gas flows in side-blown converter 
models, and also a talk on high-frequency furnace 
design by Mr. J. C. Howard. 
The conference opened under the chairmanship of 
Mr. Richard Lamb and Mr. Everard subsequently 
deputised for him. 


CUPOLA, CONVERTER PROCESS 
The first paper in this session was prepared by Mr. F. 
Cousans, but due to his unavoidable absence, it was 
read by his colleague, Mr. C. McNair. The process was 
competently reviewed, the merits being stated to be the 
production of hot and fluid steel at such short intervals 
as to be an almost continuous supply of steel. The 
limitations of the process were essentially connected 
with the fact that the process was an acid one which 
meant that emphasis must be paid to the raw materials. 
Scrap must be controlled both in size and analysis. 
Cupola coke has been getting steadily poorer—higher in 
ash and sulphur contents as well as very expensive 
and this threatened the further development of the 
process in this country. The note struck was definitely 
a pessimistic one, and it is to be hoped that it was heard 
by the Coal Board’s representatives at the meeting. 
Many technical factors were dealt with including the 
necessity for high-temperature cupola metal, otherwise 
it was necessary to use increased amounts of ferro- 
silicon in the converter metal, or to use oxygen enrich- 
ment. Soda ash for sulphur removal was essential, but 
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the double treatment which gave enhanced sulphur 
elimination also removed silicon and dropped the metal 
temperature. With separate means for melting alloys, 
many alloy steels can be made, including high-alloy 
steels, whilst from a 2-ton converter, which was the 
average size, fairly large castings could be made by 
storing several heats—in fact, up to eight heats had been 
successfully stored. It was emphasised that clean, good- 
quality steel, with a low gas content, could be made, 
which at first sight appeared surprising, as the process 
was a pneumatic one. 

Mr. Cousans recommended that work should be done 
on determining the most suitable internal shape of 
vessel, especially froin the viewpoints of low mechanical 
loss and long refractory life. 


The Design of Converters 


Mr. A. G. Robiette, speaking on this subject, stated 
that there had been little radical change in design of 
vessel over the past fifty years, and that changes which 
had been made were arrived at empirically. Converters in 
use showed variations in metal area tow eight, ranging from 
2 sq. ft./ton up to 5 sq. ft./ton. He regarded this as an 
important factor as it determined bath depths, and the 
consequent layering effect which caused an excessively 
violent boil (in deep vessels) which resulted in a high 
mechanical loss of metal. ’ 

He advocated the use of adequate blower capacity, 
1,650 cu. ft. min. per ton of metal, together with a 
surface area of 5 sq. ft./ton to ensure adequate reaction 
surface and consequently a short blow (10-12 mins.) 
with iow mechanical loss. A new design of vessel was 
suggested which would involve an almost hemispherical 
bath, thereby eliminating the “corner” effect in a 
cylindrical vessel. He considered this shape, which 
would give adequate surface area, would also make for 
long refractory life as the walls of the vessel would recede 
from the bath above tuyere level. 

Dealing with mechanical and electrical features, 
Mr. Robiette referred to different types of blowers and 
tilting gear, and described the hydraulic lift bogie 
arrangement for removing and replacing vessels. The 
* Roots ” type blower with a variable-speed commutator 
motor was favoured. 

This paper was followed by a short talk by Mr. Newby, 
of the British Iron and Steel Research Association, who 
showed some pictures and models of side-blown converters 
made of transparent plastic which he had used for 
determining the flow of gas and liquid, and which were 
described in his paper published in the Iron and Steel 
Institute Journal for August, 1949. He showed a model 
of a converter which had two sets of tuyeres spaced at 
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between 140° and 180°, and so designed as to impart a 
degree of spin to the blast, thus producing a helical 
motion and preventing the back eddy which he claims 
is the main reason for refractory erosion in the normal 
side-blown converter. 

The ensuing discussion was comprehensive and 
ranged over the whole field covered by the papers. 
Dr. Newell said that a special periscope was being 
installed in a converter in Sheffield to get a visual 
observation of the flow of metal and gas in the vessel. 
The decrease in coke quality was deprecated by many 
speakers and as a remedy the hot blast cupola, in spite 
of higher capital cost, was advocated. Mr. Fasotte gave 
an example of a plant he had seen on the Continent 
melting whiteheart malleable, where the coke consump- 
tion on a cold blast cupola was 18%, and this was 
reduced to 10% on hot blast. He also asked that 
members should not go away with the impression that 
there had been no developments in converters in the 
past 50 years. 

The relative merits of Roots blowers as opposed 
to multi-stage centrifugal fans for converters was dis- 
cussed, and the general consensus of opinion appeared 
to be that the positive displacement blower with a 
variable-speed motor was more efficient and capable of 
better control. One speaker raised the question as to 
whether the flow pattern in a converter model would be 
altered if the expansion effect in practice was taken into 
consideration. Mr. Newby was of the opinion that the 
general pattern of flow would be the same including the 
back-eddy effect. 

In view of converter losses, the question arose as to 
whether a cupola/electric process should not be con- 
sidered. Mr. Howard described the triplex process— 
cupola /converter/electric—and the difficulty of syn- 
chronisation, and emphasised the difficulty of refining 
pig in the electric furnace although by pouring pig on 
to hot ore and limestone in the electric furnace the time 
factor might be reduced. The suggestion was made that 
electrodynamic stirring might be applied to the converter 
to overcome the layering effect in the converter, as 
emphasised by Mr. Robiette. 

In connection with oxygen enrichment, Mr. Catton 
said that there was no abnormal metal loss and confirmed 
that he was operating with a shallow bath, as advocated 
by Mr. Robiette, who had said that with deep baths 
blown with oxygen, the layering effect was such that 
violent ejection of metal could be obtained. 


Controlling Sulphur and Phosphorus Contents 

Mr. A. J. Langner described the experimental and 
field tests which were being carried out by The British 
Tron and Steel Research Association in connection with 
sulphur and phosphorus control. Dealing first with 
sulphur removal, he described the process developed in 
the United States of bubbling nitrogen at the slag-metal 
interface. He could not confirm all the American results 
and had come to the conclusion that it was not entirely 
satisfactory, although it did give a degree of sulphur 
removal. He confirmed, however, the effectiveness of 
the double soda ash treatment. His opinion was that 
the success of soda over other agents which would 
combine with sulphur was due to its fluidity. Mr. 
Langner went on to describe other possibilities such as 
the treatment of the metal with vapours such as sodium 
and magnesium, but emphasised the explosive risk and 
said that the most satisfactory treatment was with 
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magnesium-nickel alloy. This would presumably leave 
nickel as a content of the iron which may or may not be 
desirable. The injection of powders such as calcium 
carbide and cyanamide were considered, but the large 
quantities required would make such a process of doubt- 
ful value economically. 

The second part of his paper dealt with dephosphorisa- 
tion and the use of soda ash was also discussed in this 
connection. It was stated that with low silicon contents 
it was possible to remove up to 35°, phosphorus with a 
mixture of soda ash and mill scale, but with high silicon 
contents the phosphorus removal was only 5-15%,. 

More and more attention was being focussed on the 
removal of phosphorus from the metal after blowing— 
namely, from the steel—and he described the well- 
known Perrin process where the steel is poured on to a 
premelted oxidising calcareous slag, and another process 
in which iron ore or mill scale and lime is used. The use 
of barium peroxide in capsules had been tried and had 
given up to 45% removal. Lastly, the use of a basic- 
lined side-blown converter was discussed. 


Application of Oxygen Enrichment 

Dr. W. C. Newell, in this paper, first dealt with the 
principles of combustion, emphasising that the weight 
of the products of the combustion of carbon with air 
was 13 times the weight of the carbon, and in the con- 
verter these products left the vessel at an elevated 
temperature—1,400°-1,500° C. Moreover, their specific 
heat was twice that of iron. The effect then of reducing 
the weight of these products by oxygen enrichment, 
thereby reducing the quantity of nitrogen, was con- 
siderable if the exit gas temperatures were high. The 
effect of enrichment on sensible heat loss in the gas 
was much less in a cupola where the exit gas temperatures 
were much lower. On the other hand, the use of oxygen 
in the cupola concentrated the melting zone, increasing 
temperature gradient thereby increasing the rate of 
melting and daily output to a much greater extent than 
would be supposed from a pure thermal efficiency view- 
point. An increase in metal temperature might also, 
he thought, assist in sulphur removal. 

He stated that an enrichment of 5%, (1,000 cu. ft./ton 
of iron) would increase cupola metal temperature by 
50° C. and output by 50%. It gave an extra degree of 
freedom and therefore greater flexibility. Oxygen 
enrichment had two uses; the first was its continuous 
use to improve thermal efficiency, and secondly its use 
as an emergency tool to increase temperature as and 
when required. 

The discussion on the above two papers was taken 
together and covered a wide range of subjects. Mr. 
N. L. Evans spoke of the soda-ash process and emphasised 
the importance of agitation which was obtained by 
evolution of carbon dioxide and turbulence caused by 
the stream of metal. He thought that in vessels, such 
as mixers, oxidation of sulphur in the slag by air was 
useful, in that it removed sulphur as SO,, thereby 
enabling the slag to remove sulphur progressively. 
He considered the use of basic-lined ladles advantageous 
and when using the double soda-ash process, he sug- 
gested that mill scale was added to the second ladle to 
effect a degree of dephosphorisation. He also suggested 
the use of molten silicates—sodium silicate—for sulphur 
removal at steelmaking temperatures. Mr. Hayward 
said that Mr. Evans’ suggestion of adding mill scale in 
the second stage of the soda-ash treatment had been 
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tried and up to 30°, removal of phosphorus had been 
realised, but it was erratic. 

A further speaker emphasised the effect of tempera- 
ture of metal and particle size in the soda-ash process, 
and claimed that the process was assisted by coarse 
particles and low temperatures. 

Dr. Cross dealt with the nitrogen-bubbling process 
which he stated gave 80°, removal of sulphur, but 
pointed out that a carbon lining was required and also 
a tricalcium-silicate slag. The sulphur was mainly 
removed as sulphur-dioxide. Mr. Langner emphasised 
that the double soda-ash process removed silicon fron: 
the metal and produced the danger of sculling. 

On the subject of oxygen enrichment, Mr. F. A. 
Martin raised the question of fume and said that some 
solution of this problem must be found. Dr. Cross said 
that it surely must mean that metal losses were greater 
if there was a heavy production of fume, but Mr. Robiette 
stated that the trouble was due to the very fine particle 
size—of the order of microns—-which made the fume 
difficult to disperse, and the problem was comparable 
to that which was present in open-hearth furnaces 
where it had been overcome by a high velocity wet 
washing of the stack gas. 

The problem of greater refractory wear in cupolas 
with oxygen enrichment was raised, and Mr. Robiette 
suggested that a carbon lining or water cooling were 
considered, the former necessitating water cooling in the 
tuyere zone. 

The experimental converter which is to be built to 
Mr. Newby’s ideas was dealt with by Dr. Cross, who said 
that the vessel would have to be blown in the vertical 
position, and the metal level would have to be adjusted 
by increasing the weight of the charge to compensate for 
the wear of the vessel. Mr. Catton gave some details 
of his Company’s results with oxygen enrichment in 
converters. With a 0-6% Si metal and 8°, enrichment 
they blew 2-ton heats in 8 mins., whereas without oxygen 
a 1-2% Si charge took 12-18 mins. 

One speaker commenting on the fact that relatively 
low percentages of oxygen had been found so beneficial, 
said that oxygen producers were concentrating on 
developing plant to produce oxygen-enriched air rather 
than produce 90-100°%, oxygen at a relatively high cost, 
and diluting the product with large quantities of air. 


ELECTRIC-ARC PROCESS 


Mr. J. H. Pearce and Mr. W. Bramhall at the next 
session dealt with the specialised control of the electric- 
are process for foundry use. In their foundry (English 
Steel Corporation, Ltd.) they used both basic and acid 
electric and their paper appeared to be a plea for greater 
consideration of the acid-electric furnace which is so 
widely used in America, and so infrequently used here. 
The advantages of more rapid operation, the elimination 
of slagging, and the production of steel of greater fluidity 
for general greensand work were stressed, and details 
were given of operating practice on a 2-ton furnace. It 
was emphasised that the minimum carbon to which the 
heat could be boiled down was 0-15°%, and stress was 
laid on control over the analysis of raw materials, 
especially in regard to sulphur and phosphorus. Lower 
refractory costs were obtained on acid working. 

Dealing with basic-electric practice in the foundry 
the authors said that the two-slag process was more 
usual in this country. The charge must be so adjusted 
as to allow sufficient carbon removal to produce a good 
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boil. In the authors’ opinion the production of a carbide 
slag was to be avoided. 

They summarised the advantages of acid-electric 
practice as :—(l) Lower refractory costs; (2) lower 
power consumption; (3) greater tonnage from the 
furnace ; and (4) greater metal fluidity. 


Refractories for Electric Furnaces 

Dr. Rait discussed the requirements under roof 
refractories, sidewalls and hearth. Silica bricks roofs 
were unquestionably the most satisfactory from the 
point of view of cost and serviceability. Silica was an 
indigenous material; it was cheap and it was capable 
of taking considerable loads, even at temperatures 
within a few degrees of its melting point. 

What Dr. Rait called “ substitute ’’ materials had 
been used for roofs—namely, high alumina firebricks, 
sillimanite which was seven times the initial cost, 
andalusite and basic materials (chrome magnesite). 
Rammed silica roofs had been used in Switzerland when 
silica bricks were in shortage. 

For basic furnaces he thought that the preference 
was for basic sidewalls. Silica bricks were used, but 
they caused fluxing of the banks and higher fettling 
costs. Basic sidewalls failed by flaking but metal-cased 
bricks or tubes overcame this. Many users preferred 
the reinforced rammed sidewall. 

As to hearth construction, dolomite was, in his opinion, 
best, and he stressed the importance of grading in order 
to get a dense bottom. This was the real success of the 
Crespi-type lining. It was a finely graded material 
with a high-packing density and it sintered readily. 

The above two papers were jointly discussed and a 
wide variety of problems were brought up by a number 
of speakers. Numerous questions were raised on acid- 
electric practice, including deoxidation procedure and 
the use of aluminium for greensand work—2 Ib. per ton— 
giving a residual aluminium of 0-06°,, was favoured. 

Acid-electric steel was not so susceptible to inter- 
granular failure as basic electric, but the ductility for a 
given tensile strength was usually slightly lower. Mr. 
Pearce stated that in acid practice the carbon was 
caught on the way down contrary to basic practice, and 
figures were given for the savings in cost over basic 
practice. Acid refractories were 2s. 5d. per ton of steel, 
whilst in the basic furnace costs were 3s. 7d. per ton. 
The savings on power were 70 kWh. per ton in favour of 
acid, and the overall savings were 10s. per ton. 

On the subject of refractories the desirability of 
producing low alumina content silica bricks was stressed, 
and washing of silica rock was being practised. Porosity 
in silica bricks in this country had progressively increased 
and it had now reached a figure of 28°,, but there was 
evidence that this figure was not increasing. Experi- 
ments on imported South African rock were being made 
which gave a brick with a porosity of less than 20°. 

The use of nails in Crespi-type linings was discussed 
and it was felt that they gave mechanical reinforcement 
as well as increasing the depth of sintering. 

One speaker considered that the addition of graphite 
to dolomite produced the hardest sintered material. An 
example was given of a comparison between silica roofs 
and sillimanite. A 9 ft. 6 in. diameter sillimanite roof 
lasts 150 heats against 50-60 with silica on the same 
furnace. This compared with a 7-1 differential in the 
cost of the bricks. Chrome magnesite sidewalls were 
prone to give chrome pick-up in the steel due to pieces 
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flaking off. An interesting point raised was the desira- 
bility or otherwise of hard burnt (partially transformed) 
silica bricks as opposed to the medium fired variety. 


Electrical Characteristics, Output and Design of 
Are Furnaces 


Mr. J. C. Howard, in the next paper, stated that 
practically all new furnaces conformed to the three-phase 
direct-are principle as originally used by Heroult, but 
there wes a world of difference both mechanically and 
electrically between the old furnaces and those built 
within the past 10 or 15 years. He dealt with the 
electrical gear, paying particular attention to the high- 
tension switchgear which required the most maintenance, 
and which had to perform an altogether different duty 
from a distribution switch. It often had to operate 
50 times per day. He advocated two-stage protection— 
namely, protection against faults on the high-tension 
side and furnace overload protection which should be set 
for 250°, overloads for short periods. For very high 
voltages end high-rupturing capacities he favoured the 
air-blast switch. 

Modern furnace transformers were described together 
with their switching arrangements to provide a choice of 
several furnace voltages, and he advocated the use of a 
separate tank to house the tapping switch. 

On the subject of furnace voltage, he showed how the 
maximum-phase voltage should increase with furnace 
size from 140-160 volts for a l-ton furnace to 250 volts 
for a 25-ton furnace, whilst refining voltages ranged 
from 65-90 volts on basic operation. Voltages for acid 
practice were higher due to the higher resistivity of 
acid slags. He dealt with the question of reactance 
which was essential for are stability, and the need to be 
able to vary this to get as high a power factor as possible. 

Electrode regulators were described, starting with the 
old current controller, balanced current and voltage 
regulators, hydraulically operated controllers and the 
newer rotary regulators. The mecharical features were 
then touched upon, especially the developments in top 
charging with a swinging roof and other arrangements. 
It was emphasised that foundry furnaces were usually 
relatively high powered to give metal at short intervals, 
and the paper concluded with references to tilting gear 
and control of maximum demand. 


During the discussion some speakers confirmed that 
electrode consumption was lowered by the use of the 
smallest possible electrodes—namely, running an elec- 
trode right up to its rated capacity. Mr. Howard did not 
consider that the roof ring being magnetic caused any 
increase in impedence due to the symmetry of the 
system. He did not favour sprung-roof rings which 
would not work for top-charging furnaces. He con- 
sidered that the maximum tilting angle for pouring was 
45°. To obtain a melting time of | hour he reaffirmed 
that it would be necessary to provide 600 kVa per ton of 
capacity. 

OPEN-HEARTH PROCESS 

Mr. J. Mowat read the next paper which he began by 
saying that the open-hearth process was relatively little 
used in this country where it was responsible for only 
12°, of the liquid steel supplied for castings, whereas in 
the U.S.A. over 100 open-hearth furnaces were in use, 
both acid and basic, ranging in size from 10-125 tons in 
‘apacity. The trend was towards electric steel here, 


where the output had increased from 40,000 tons to 


180,000 tons in the past 10 years, and now represented 
40°, of foundry-steel production. 

The acid open-hearth furnace was mainly used in this 
country in the foundry and it catered for large castings 
up to 120 tons in weight. In some shops where basic 
open-hearth furnaces were used for ingot making, 
occasionally a supply of steel was taken from thes< 
furnaces for producing certain maintenance castings. 

In his own works (Beardmore & Co., Ltd.) acid open- 
hearth furnaces were operated to supply the forge and 
ingot shops, as well as the foundry, so that the furnaces 
could be kept on continuous operation. For intermittent 
working he preferred the electric furnace since if he onlv 
had open-hearth furnaces for his foundry they would be 
idle half the time with gas on. 

Under his own conditions the acid open hearth, kept 
in regular operation, showed costs 15°, lower than the 
basic electric, even considering the cost of more expensive 
raw materials for his acid furnace. He considered that 
the open hearth was the only practical solution for the 
manufacture of large castings weighing over 30 tons, 
where these were required regularly, but this statement 
does not agree with conclusions reached in some con- 
tinental plants. 

Mr. Mowat left the impression that the almost com- 
plete change over to electric melting was coming but, 
in the meantime, the open-hearth process would be 
used, especially where it was installed for ingots and 
forgings in the same shop. 

During the discussion Mr. Mowat answered many 
questions regarding his own practice. He generally 
aimed at melting out at 1°, carbon, averaging 30-35°, 
pig—and boiling down to 0-4°, Cin 4 hours. He used no 
aluminium for deoxidation—only ferro-silicon, and as 
all his castings were large they were drysand. Onaly 
10°,, of his production went for foundry steel. 


STEEL FOUNDRY PRODUCTIVITY 

Mr. F. A. Martin began this paper on foundry produc- 
tivity by prefacing with an equation and showing the 
relationship between sterling and dollar currencies and 
emphasised that our present productivity, in his opinion, 
was responsible for devaluation. His paper was based 
upon the impressions gained on his recent visit to the 
U.S.A. under the Anglo-American Productivity Council. 

He cited instances of American productivity per man- 
hour in various industries ranging from 131-597, of 
British productivity, and his whole talk was a challenge 
to British labour, and managemert alike. He went on 
to describe practice and results in melting practice 
where high-power inputs of from 600—1,000 kVa per ton 
were used, and emphasised developments in sensitive 
and rapid furnace control. Steel-melting cycles varied 
from 14-2 hours and the manning of furnaces in the 
U.S. showed up, he thought, our waste of man-power. 

In America man-power was one of the most treasured 
commodities to be used as sparingly as possible, and in 
this connection he described the use of mechanical 
methods of charging. The oxygen lance was used to 
cut down refining times and so increase output. 

He also discussed piece-work rates and pointed out 
that in this country there always remained the suspicion 
that if productivity were increased the piece-work rate 
would be cut. 


FOREIGN PRACTICE 
Mr. A.C. Brearley also dealt mainly with U.S. practice 
although at the beginning of his paper certain points 
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relating to German practice were considered. For 
instance, he stated that the Germans went to great 
pains to reduce the sulphur and phosphorus contents to 
very low figures, both below 0-025°, which meant long 
refining times and high-power consumption—800—900 
units per ton. The mechanical properties of such steels 
were not jeopardised by the addition of critical amounts 
of aluminium due to the low sulphur content. 

On the mechanical side the use of extensive water- 
cooling on the roof was an outstanding feature. It took 
the form of what was called “ Krupp rings ”’ around the 
electrodes and these extended through the roof and were 
supported off the roof ring. Claims were made of an 
increase in roof life of from 30-150 heats. 

The rocking resistor furnace was used at some places 
for alloy-steels and it was claimed that power consump- 
tion was less than that in the high-frequency furnace, 
whilst the consumption of graphite rod was only of the 
order of 10 Ib. per ton. 

Turning to U.S. practice, Mr. Brearley was impressed 
by the extensive use of acid-electric furnaces which 
were never popular here due to the doubt regarding the 
attainment of mechanical properties. Transformer 
capacities ranged from 700-400 kVa per ton, giving 
melting times of 45-70 mins. He described refractory 
practice and said that roof and sidewall life ranged from 
100-300 heats, whilst bottom life was between three and 
four years. 

Attention was paid to control and segregation of scrap 
and mechanical charging almost invariably used. Great 
stress was laid upon getting a brisk, high-temperature 
boil either with ore or oxygen. With ore they boiled 
down from 0-37-0-40% C., to 0-17-0-20°% C., and 
similarly with oxygen. In the latter practice they saved 
30-60 kWh per ton, and 7-20 mins. per heat for an 
oxygen consumption of 100-120 cu. ft./ton. 

Refining and deoxidation technique varied from 
plant to plant, but their great fear was to produce 
*‘ over-reduced ”’ steel. Most heats were tapped by 
visual or optical temperature measurement, and by 
estimation of carbon by fracture. For greensand work 
between 2 and 3 lb. of aluminium was added per ton, 
and for drysand up to $ lb., but no plants used the 
critical amount between 8 and 28 oz. Some plants used 
ferro-titanium and calcium-silico-magnanese. 

He described practice on low alloy steels and also on 
high-chromium steels, and in most cases they did not 
wait for bath analyses but tapped on the weighed and 
calculated amount of alloy addition. The power con- 
sumption per long ton averaged 350-650 kWh and 
electrode consumption 7-10 lb. of graphite, whilst total 
heat times were between 1} and 24 hours. 


The last two papers were discussed together. Some 
speakers raised the question of maximum demand and 
asked what the demand charge was, in view of the high- 
power inputs to furnaces. The authors could only say 
that the overall cost per unit was just over Id. (presum- 
ably at the old exchange rate). Other speakers ques- 
tioned the effect of high productivity upon quality, and 
whether we would be jeopardising our reputation to 
provide a job which was “just”’ good enough. The 
question of whether the higher productivity was due to 
fear of unemployment was also taken up. 

Mr. Robiette pointed out that as far as equipment 
was concerned, high-powered furnaces were built here 
(up to 1,000 kVa per ton) as far back as 1933, and also 
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that oxygen blowing in are furnaces was employed some 
12-18 months before it was done in the U.S., and, as 
with many other developments, he thought that it was 
not the fault of our technicians, but often the lack of 
courage and initiative of the industrialist who did not 
take advantage of such developments. 

The rocking-resistor furnace was discussed by the 
furnace experts present, and many technical problems 
regarding acid practice. It was pointed out that if a 
foundry had basic and acid furnaces then the scrap 
problem for the acid furnace was solved. In this country 
it was found that silica brick bottoms were best for acid 
working. The necessity for plunging the aluminium- 
ladle addition was stressed. 

HIGH-FREQUENCY PROCESS 

Mr. C. MeNair, presenting this paper, said that the 
high-frequency furnace was used in foundries in sizes 
up to 2 tons in capacity. The advantages of this type of 
furnace included its ability to provide a rapid succession 
of heats, accurate control of temperature and the ability 
to attain high-casting temperatures which was important 
for intricate castings. The fact that the furnace gave no 
carbon pick-up and an extremely low loss of alloys, made 
it eminently suitable for high alloy steels. The furnace 
lining was simple to install and relatively cheap. 

On the other hand, the furnace was not entirely 
suitable for refining, and the steel produced was not 
particularly free from non-metallic inclusions. In this 
connection he stated that the circulation of the metal 
militated against cleanliness but was useful for the 
mixing of alloys. 

He described the installation in his own works (Had- 
fields, Ltd.) and pointed out that the first furnace 
installed some 20 years ago had a frequency of 500 cycles, 
and owing to this fact, the installation was not entirely 
satisfactory due to excessive circulation of the metal at 
this frequency. The second installation was a 1,500 cycle 
generator which was far more satisfactory. He described 
the installation of both basic and acid linings and stated 
that a l-ton furnace could be relined in under 5 hours. 

Basic linings consisted of old magnesite bricks plus 
pea-size magnesite mixed with 7$°, basic slag. The 
silica linings consisted of 20°, old silica bricks and 80°, 
calcined ganister without any added bond, and the 
linings were fritted by the Rohn process using a steel 
former. The basic linings gave a life of between 10 and 
30 heats depending upon the size of furnace, whereas the 
acid lining gave a life of 40-100 heats. The metal loss 
was stated over a period to be 0-1°,. 

The furnace was useful in melting ferro-alloys for use 
in other processes, and the speed and regularity of 
melting made this type of furnace invaluable for light 
mechanised foundries. 

Mr. J.C. Howard, in a short talk which followed, dealt 
with the type of generators in use, and emphasised their 
present-day reliability. He pointed out that frequencies 
of 2,000 were desirable on small furnaces of 5-10 ewts., in 
capacity, this frequency decreasing to 1,000 cycles on 
larger furnaces. He also pointed out a further advantage 
of this type of furnace, in so far as you could have several 
bodies with, if necessary, different linings, connected to 
one generator. He said that the capital cost of a high- 
frequency furnace was 50—-75°,, more than an are furnace 
of comparable output. 

In the discussion several speakers referred to the use of 
electro-magnetic stirring and also its application to are 


317 


Tes, 
5 
4 
t 
& 
te 
ae 
3 


furnaces, which was being developed in Sweden. The 
practice of melting ferro-alloys in high-frequency 
furnaces was also discussed. 

Several speakers referred to Mr. McNair’s statement 
on the cleanliness of high-frequency steel, and the 
conclusion appeared to be that this furnace could produce 
dirty steel, but under suitably controlled slag conditions 
low inclusion content steel could be made. 

The figure of 0-1° metal loss was debated, and one 
speaker pointed out that such a loss was well below 
the error in weighing, and several high-frequency users 
quoted their own losses as being between 1 and 2%. 
Other questions raised included references to the shape 
of high-frequency furnaces, the merits of different types 
of frequency converters, and the superposition of low- 
frequency current to control stirring. 


METAL FLUIDITY 


Mr. J. E. Worthington, in the next paper, described 
some of the work on fluidity which was being carried 
out under the auspices of the British Iron and Steel 
Research Association. In the first place, he defined 
fluidity as the ability of a metal to fill a mould and to 
reproduce its imprint or contour. He stated that 
fluidity depended upon many factors. 

He dealt with the various methods of testing, and had 
come to the conclusion that the spiral mould, as used in 
the U.S. was the best known test. He showed, however, 
how pouring speed could affect such a test and described 
the apparatus that had been developed by the British 
Iron and Steel Research Association to ensure a constant 
pouring speed. He described the work that had been 
done on different steels showing temperature-fluidity 
relations with variation of carbon content, and also the 
effect of chromium, nickel, molybdenum, aluminium and 
titanium, the three latter elements decreasing fluidity. 
This, he thought, pointed to the importance of surface 
films and he gave an explanation as to why acid electric 
and converter steels were more fluid than basic electric. 
He stated that there appeared to be a critical FeO content 
which gave optimum fluidity and basic slag steel normally 
contained well below this critical content, whereas acid- 
electric steel approached converter steel in FeO content. 
Above a certain critical FeO content, however, the 
fluidity decreased with increasing amounts of FeO. 

In the discussion he pointed out that the tests were all 
carried out in greensand moulds and emphasised that 
they were not by any means complete. One of the 
speakers suggested that to prove the effect of surface 
films, tests might be carried out in an inert atmosphere 
or in vacuo Another speaker questioned the effect of 
superheat above the liquidus and whether the effects 
reported on chromium and nickel were not partly due to 
the lowering of the liquidus temperature. 


MELTING COSTS 


Mr. F. N. Lloyd, in the last paper, first emphasised 
that to be of value melting costs should be taken over a 
long period—at least three months—and also they should 
define accurately all the costs incurred in the melting 
department. In his opinion, they should include all 
costs up to the steel poured into the moulds, since if the 
costs were taken at the furnace spout it might mean 
that a heat of unusable steel might be debited to the 
foundry, whereas it was the responsibility of the melting 
department. He listed 12 separate items of cost, and 
discussed each item separately :— 


1. Fuel Cost ;—This includes power in electric furnaces, 
and ferro-silicon and oxygen in converter practice, 
where these were used to increase temperature. 
Smelting Costs :—These might be more aptly referred 
to as refining costs, as he stated they included 
electrodes, ore, or oxygen if used for refining. 

3. Metallic Loss ;—This was an important factor as in 
the cupola-converter process it amounted to 16% ; 
the acid electric 3% and the basic electric 5%. 

4. Charge :—-This covered scrap or pig iron, and he 
emphasised that the differential between pig and 
scrap pre-war was £2 10s., whereas now it was practic- 
ally £8. 

5. Deoxidisers ;—On this point he was a believer in 
aluminium which was important, as it had not 
appreciably increased in price since pre-war. 

6. Fluxes :—This item was small in magnitude and it 
included soda ash for desulphurisation. 

7. Pouring Costs ; Here he dealt with relative merits of 
bottom and lip pouring, and said that bottom- 
poured ladles cost approximately 10s. per ton of 
steel. Lip pouring was mainly suitable for acid slags. 

8. This item Mr. Lloyd defined as the cost involved 
by the foundry due to the way in which the foundry 
had to accept the metal. For instance, in the 
converter two or three heats of steel could be supplied 
per hour, whereas in basic electric practice it might 
be every 3 hours or more. This involved the foundry 
in extra labour, overheads and mould space. 

9. Refractories :—In this connection he advocated, 
where possible, day and night operation. He stated 
that acid-electric practice gave three times the roof 
life of a basic furnace, and for basic sidewalis and 
bottoms, they had found, after considerable experi- 
ments, finely-crushed dolomite with creosote oil 
produced the best results. 

10. Mechanical Maintenance ;—This he emphasised 
depended largely upon the maintenance organisation 
at any particular plant. 
Capital Costs :—He commented on the great increase 
in prices of electric furnaces as compared with 
prewar, but he stated that they could be written 
off at 15% per annum, and with the savings over 
converter operation the plant would be paid for in 
three years. 

12. Labour ;—In this connection he emphasised the 
importance of mechanical charging and deprecated 
the over-manning of the furnaces. 

Summarising, he said that at his own plant (F. H. 
Lloyd & Co., Ltd.) acid-electric steel was the cheapest ; 
basic-electric steel cost 15s. per ton more, and converter 
steel 40s. per ton more than acid electric. 

The subsequent discussion included questions on 
metal losses and one speaker explained that the difference 
in yield between basic and acid electric was the loss of 
iron in the basic slag which was removed, whereas in 
acid practice the iron oxide was reduced. Another 
speaker stated that in ingot practice the losses in basic- 
electric furnaces could be reduced to as low as 3}%. 

One speaker said that the melting costs on acid high- 
frequency furnaces and basic-electric furnaces were 
very similar in his experience. Mr. Lloyd finally pointed 
out that he could of course have itemised all his own 
costs in the different processes he used under the head- 
ings which he listed, but this would not be applicable 
generally, and would refer only to his own local 
conditions. 
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Metallurgical Achievements of the 
Electron Microscope 


A Review of the Literature to the End of 1948 
By G.A. Geach, M.Sc., Ph.D., F.1.M. 


(Research Laboratory, Associated Electrical Industries Ltd., Aldermaston, Berks.) 


Techniques have now established the electron microscope as a useful instrument in 

metallographic work and the stage has been reached when wonder that metals can be 

examined at all is giving way to natural application in purely metallurgical studies. 

Methods of using the electron microscope have been developed during the last decade 

and published work on the subject to the end of 1948, of particular interest to the 
metallurgist, is reviewed in this article. 


last decade grown almost unmanageable in its 
ramified and reiterative bulk. During this 
period the methods of using the electron microscope for 
metallographic studies have been developed and, 
although a few papers of predominantly metallurgical 
interest have appeared, most of the writings are mainly 
concerned with techniques or the instrument itself. 
These papers are scattered through journals of many 
interests. While it is at times all too clear that the 
authors’ primary concern was not with metallurgy, 
many metallographic observations occur which metallur- 
gists may find interesting. In preparing this review we 
have winnowed the harvest and, speaking in metallurgical 
fashion, sought the grain or two of worth among the rest. 
It seems that this is a particularly suitable moment 
for such a review. Techniques have now established the 
electron-microscope as a useful instrument in metallo- 
graphic work and we have reached the stage when 
wonder that metals can be examined by it at all is giving 
way to natural application in purely metallurgical 
studies. Most future work of importance to metallurgy 
is likely to be published in metallurgical journals and 
under headings indicating the metallurgical interest. 
The present review is based upon a reading of the 
literature to the end of 1948. 

The principles of electron-microscopy and the nature 
of the instruments themselves have been frequently 
related (for example, Metallurgia, 1949, 39, 139 ; Gabor, 
“The Electron Microscope,” Hulton, 1944), and are 
now generally known. Methods for examining metal 
specimens by the preparation from their surfacesof 
replicas which are transparent to electrons are also 
quite familiar (1946, 7: 1943, 16: 1943, 18: 1944, 2: 
1947, 5)*, and are by far the most widely used tech- 
niques. Almost no use has yet been made of the 
“scanning microscope’ although a few photo- 
graphs of metallurgical specimens have been 
published (1943, 18). In this instrument a beam 
of electrons which may be as fine as 500 A. dia. 
“scans” the specimen and liberates secondary 
electrons whose total “ brightness ’’ depends upon 
the nature and composition of the surface. These 
secondary electrons are ultimately recorded by a 
facsimile receiver in step with the scanning beam. 
The device might become of value in studies of 
segregation and change of composition within a 
single phase. The emission microscope, in which 


T's literature of electron-microscopy has in the 


tion in studies of phase-change (1934, 1 : 1935, 1 : 1938, 2), 
but this has been drastically limited by the high temper- 
atures necessary at the specimen and the low magnifica- 
tions of below a hundred times. 

A chronological list of metallographic techniques for 
the electron-microscope is given, Table I. 


TABLE I.—THE PROGRESS OF TECHNIQUES 

1933. The emission microscope shown by Bruche and Johannson to reveal 
the metallographic structure of nickel (1933, 1). 

1940. Mahl introduced replicas and suggested the use of collodion (1940, 11), 
anodised films on aluminium (1940, 11), and the thermal oxide film on 
metal (1940, 8). 

1941, Mahl’s “ structureless’ alumina film (1941, 3) and Zworykin and 
Ramberg’s silver-collodion replica (1941- 11) described. 

1942. Polystyrene-silica replicas introduced by Heidenreich and Peck (1942, 
5) and wet-stripped Formvar by Schaefer and Harker (1942, 12). 
Evaporated aluminium films and oxide replicas from iron were tried 
(1942, 2) and the removal of plastic replicas by electrolytic means 
(1942, 3). Mahl used ** shadowed ” replicas (1942, 6). 

1943. Zworykin, Hillier and Snyder's scanning microscope described (1943, 18), 
Schaefer introduced dry-stripping of Formvar replicas (1943, 14). 

1944. Keller and Geisler’s improved anodising bath which gives effectively 
structureless alumina replicas announced, (1944 6). 

1947. Hunger and co-workers described the ‘impression technique for 
obtaining alumina replicas of other hard materials and the use of 
“double” replicas combining plastic and alumina (1947, 5 & 6), 

1948. Oxide replicas obtained from nickel and stainless steels by Mahla and 
Nielson using «a fused nitrate bath (1948, 10). 


Interpretation of electron-micrographs should never 
be attempted by the mere application of those familiar 
mental associations of photomicrographic appearances 
with metallographic structure which become almost 
intuitive among metallurgists. Indeed the tendency 
to do this must be resisted and the study made directly 
in terms of knowledge of the replica process. It is true 
that in the few published comparisons of electron and 
light micrographs of the same field similarity in all but 
resolution is quite striking (for example, Fig. 1), but more 


Photo due to R, D, Heidenreich 


thermionic electrons from an activated specimen Fig. 1.—Comparison of an optical (left) and an electron micro- 
are focussed to an image, has found a little applica- graph of the same field of an electrolytically etched specimen of 


® See bibliography - pp 324 - 327. 
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Fig. 2. 
cementite. 


Eutectoid steel etched in 4°, nital. 

x 20,000. 
generally it is misleading to examine electron micro- 
graphs looking for the familiar depiction of different 
structures. 

Light micrographs are usually regarded as ideal plane 
sections through structures and, in fact, nothing in 
focus can lie far from such a plane. In electron micro- 
graphs the great depth of focus and magnification result 
in the surface being relatively rough. Although there 
have been suggestions that very special etching should 
be developed (1944, 2) methods used in preparing replicas 
have generally been of the same type as for high-power 
optical work ; that is the surface is ‘ roughened ”’ to a 
depth of about one micron. Such a surface when 
magnified in the electron microscope may be compared 
with one having a structure one or two centimeters 
deep when examined in the hand. Another comparison 
might be made between a medium file examined at a 
magnification of x100 and a fine pearlite as seen in the 
electron micrograph. 

Another point is the difficulty of obtaining a single 
micrograph typical of a structure: familiar structural 
units are often almost as large as the whole field. Some 
confusion in the literature may have arisen from com- 
parisons of too few micrographs of different specimens 
to give fair samples of their structures. Very 
little reliance should be put upon observations 
of unique fields. 

The various replica defects which may occur 
and possibly be confused for metallography 
are growing familiar (1943, 1 : 1947, 5), although 
dangers pointed out in the earlier replica papers 
still cause difficulties. Thus, although in 1942 
Mahl (1942, 3) pointed out that in plastic 
replicas changes in thickness due to surface 
tension effect on the top (and ideally flat) 
surface should be expected, as well as those in | 
the true replica surface, attempts to find 
metallographic causes for the results of these 
changes still cause confusion. : 

It has been strikingly demonstrated that the 
Way up a print is examined may completely 
dominate the illusion it gives (1945, 1). The 
importance of stereoscopy in_ interpreting 


structures has been stressed, particularly by 
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Photo dueto C, S Barrett. 


-Pearlite showing an apparently false ratio of ferrite to 
Silica replica. 


| 


Fig. 4.—-A well proportioned fine pearlite. 


Heidenreich and Matheson (1944, 4) who 
published pictures of a pearlite of true spacing 
0-5, but showed that a spacing of double this 
would be deduced from a single print. In 
general, interpretation is safe where optical work 
can be continuously extrapolated to the very 
high power of the electron microscope, when 
different replica methods can be interpreted 
simply by the same structure and when the 
deductions are not too original in their metal- 
lurgy. 

High-power micrographs of pearlite commonly 
show a misleading ratio of the widths of the 
cementite and ferrite lamellae, and this is very 
striking in many electron-micrographs (Fig. 2). 
The cementite often seems to have a toothed 
or wavy edge. The explanation of this may follow 
from the erosion of ferrite exposing part of the 
surfaceof the inclined cementite strata as it pro- 


Fig. 3.—The erosion of ferrite between cementite lamellae 
can expose a large area of carbide. As viewed normally to 
the surface the appearance is that of the plane projection 
below in which the apparent proportions of ferrite and 
cementite are wrong. 
truded from the specimen (Fig. 3). It is not sur- 
prising that the thin edge of the cementite has become 
fractured and toothed during preparation, although the 
cementite plate may have ridges or other protuberances 


Photo due t) R. F. Mehl, 
Pieral etch, silver- 


collodion replica. x 12,500. 
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Although the electron 
microscope was used 


in this work the identi- 
fications were made 
by electron diffraction. 

Electron metallo- 
graphy should be use- 


3 

Fig. 5.—Broad 


grain bounda- 
ries in a mag- 
nesium - 14°, 
Manganese 
alloy. Silica 
replica. «4,000 
Photo due to R. D. 
Heidenreich, H. 
Cerould and RE. 
MeNulty. 
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on one side. 
proper ferrite-to-cementite ratio have been published 
(Fig. 4), but in these also there is suggestion of a structure 
on one side of the lamellae. 

Pearlite structure with spacings es small as 300 A 


Good micrographs of pearlite having the 


(0-03) have been observed in troostites (1941, 10). In 
fine pearlites a bridging between cementite lamellae 
or a converging and branching of lamellae have been 
observed. These may be related to the ridging. 
Martensite and tempered martensite have so far 
proved disappointing subjects. The results of a good deal 
of interest shown by different workers are rather vague 
and add only little to our knowledge. It is generally 
agreed that a fine “ scale’ structure is seen within the 
martensite needles (1942, 6: 1942, 14: 1944, 2: 1947, 
5), and the scales or nodules may be as small as 1,200 4. 


Photo due to B. v. Borris and W. Ruttmann. 
Fig. 7.—-Steps and ridges at grain boun- 
daries in ferrite. Glancing-angle micro- 


graph. Specimen 0.14°, carbon steel 


etched in 1°, 
etched in 1°, nital. x 10,000 laterally. 


They grow larger on tempering. Semmler-Alter observed 
such changes after tempering at 200°C., although the 
first hint of change was given by the optical microscope 
after 320°C. The growth and rounding of these scales 
to form spheroids of carbide as the tempering tempera- 
ture increases were clearly recorded in an early study of 
0-24°%, carbon steel (1942, 14). 

One of the most remarkable recent suggestions has 
been that the first decomposition product precipitated 
from martensite in a 0-9°, carbon steel is iron nitride. 
(1946, 3: 1946, 4). This is replaced by carbide on 
heating to a higher temperature and only carbide forms 
if the tempering ‘s at such temperatures. The general 


scheme is :— ange C- 
Yemyet at 200 Fe,N + C in soln. 
Heating 
Martensite to 350° C. 


Temper at Fe,C + N in soln. 
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Fig. 6.—-The origin of broad and 


Fig. 8.—Apparent ridges and furrow at the grain 
boundary in an aluminium-9°,-magnesium alloy 
sodium hydroxide. 
angle micrograph. 


J. Hunger and Pawiek. falinthe study of grain 


boundaries, in part 
because of the great 
depth of focus, but very few observations have yet been 
published. In 99-99° , aluminium any abnormally etching 
zone at the grain boundary is narrower than 80 4 wide for 
a band as wide as this would have been seen. Wide 
boundaries (Fig. 5) may often be an illusion and, in fact, 
due to the “terrace ”’ between grains which have etched 
to different depths. Ina similar way a ridge and terrace 
could give a wide multiple boundary (Fig. 6). 

The grazing-aagle microscope is very suitable for 
observing protuberances in a surface and electron- 
micrographs have been published showing ridges along 
the boundaries between ferrite grains in 0-14°, carbon 
steel (Fig. 7) (1940, 2) as well as in an aluminium—9°,, 
magnesium alloy (Fig. 8) (1943, 16). Boundaries with a 
terrace but no ridge were also observed in the steel. 
The ridges at the ferrite boundary are said to be differ- 
entiated from cementite by etching more rapidly. and 
from nitride by their curvature (pictures of straight 
ridges have been obtained in material containing 
nitride needles 

Mahla and Nielsen (1948, 10) have published a picture 
of the boundary between sigma-phase and austenite 
in a stainless steel 
showing most of the 
erosion to be concentrated 
in a band one micron 
wide along the boundary. 

The nature of etch 
attack becomes far more 
prominent electron 
metallography than in 
optical microscopy where 
differentiation of constit- 
uents byshadeorany other 
means is sought. Now, 
however, the very topo- 
graphy of an etched sur- 
face is revealed and is in 
fact important for 
deducing information from micrographs. In 
some instances it has been found advantageous to 
etch specimens far more deeply than would suffice to 
distinguish structures and so to develop fully the etch 
structures. Etch pits are, of course, usually of simple 
geometric form and bounded by simple planes of the 
crystallographic structure, although irregular pitting 
also occurs. The form appears to depend upon etching 
conditions as well as upon the material. It has long 
been known that etch pits in aluminium are bounded by 
(100) cube faces. Electron microscopy confirms this 
and shows that faces which appear to be slightly inclined 
to these planes are in fact built up of fine steps of (100) 
surfaces: pits with sloping sides of this nature have 
smooth bases of true (100) planes (1942, 9). Similiar 
structures are obtained by electrolytic etching or pre- 
paring the specimen by cathodic bombardment, which 


multiple grain boundaries. 


Photo due to Ziesecke. 


Gliancing- 
x 7,000 laterally. 
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Photo due to A, H, Geisler and F, Keller. 


Fig. 9..-The laminated or terraced struc- 
ture related to the crystallographic sym- 
metry and often found after deep etching. 
The specimen is commercial aluminium- 
1°.,-magnesium-0.6° , -silicon alloy (‘‘61S’’) 
etched in Keller’s reagent. Aluminium 
oxide replica. x 20,000. 


is presumed to cause evaporation from the 
surface; on the other hand etching 
aluminium in solutions containing copper 
orin warm nitricacid produces rounded pits. 
In aluminium etched in hydrogen-chloride gas, however, 
the pits are octahedral (1943, 12). Other simple geo- 
metric pits are (111) octahedra in stainless steels which 
have been etched in a mixture of nitric, hydrochloric 
and hydrofluoric acids (1948, 1i) or in bromine-methanol 
but (100) cubes when etched in sulphuric acid (1948, 10). 
Less perfect pitting has been observed in several other 
materials. Semmler photographed “ crumpled sur- 
faces in rapidly cooled 99-99%, aluminium (1942, 15), 
but obtained the cube structure after annealing. Cast 
material also gave her rounded forms which she attri- 
buted to strain. 

The crystallographic orientation of a surface can be 
determined from these etch structures, either by simple 
geometry or, it has been suggested, by measurement of 
the opacity to electrons of the replica of differently 
inclined faces of the structure (1940, 6). 

In many cases a deeply-etched specimen whose whole 
surface has been attacked shows a laminated or stepped 
structure (Fig. 9). This seems particularly common in 
solid solutions, although in the case of a quenched 
magnesium—6%, aluminium specimen showing the 
phenomenon in a very striking manner (1946, 2) the 
structure is said to be lost as soon as precipitation occurs. 
In aluminium-copper alloys on the other hand, the early 
stages of precipitation appear not to destroy it (Fig. 10). 
This appearance of strata has been photographed in 
Swedish iron (1947, 5). Although structures of this 
type are not wholly novel the realisation that they are of 
quite common occurrence is one of the most intriguing 
outcomes of electron metallography. The steps are 
generally about the size proposed for mosaic structure 
units. It would be exceedingly interesting to discover 
the reason for this appearance and any relationship 
with the terraced cube etching in aluminium. There is 
indication that in the case of nickel the etchant is an 
important factor (1948, 10). 

In copper, deep etching in ammoniacal hydrogen 
peroxide reveals a structure of parallel “ rods ’’ measur- 
ing from 0-1 » to 0-5 pw by about 5 pw (1943, 1: 1946, 8) 


to 


A.E1, Research Laboratory photo. 


Fig. 10.—-The same structure in an 
aluminium-}°,-copper alloy quen- 
ched and aged for 72 hours at 300°C. 
Etched in Lacombe and Beaujard’s 
reagent. Aluminium oxide replica. 
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Photo due to C. 8. Barrett 


Fig. 11.—Rod shaped units in pure 
copper etched in a mixture of 
potassium dichromate, sodium 
chloride and sulphuric acid. Silica 
replica. x 10,000. 
x 12,000. 


(Fig. 11). Cold working the material gives a finer 
structure. Similar but equi-axed blocks occur in Monel. 
Slight differences of orientation between such blocks 
have been reported (1944, 6). 

Another etching effect found by electron-micrography 
suggests that the “ carbides ” seen in the grain boundar- 
ies of etched stainless steel after sensitization treatments 
are in fact cavities (1948, 11), as shown in Fig. 12. 

One of the earliest metallurgical applications of the 
electron microscope (1940, 5) showed that the corrosion 
products of metals were often recognisably crystalline. 

The study of surface finish and texture is, of course, 
comparatively straightforward. Thus the natures of 
polished and prepared surfaces have been examined. 
Evidence has been advanced for a Beilby layer on rock 
salt (1945, 3). A lightly abraded cleavage surface 
showed small cube steps and pits, but on polishing 
this a smooth surface was obtained : on gently etching 
away this surface the little cube forms reappeared. 
The effect of etching the original cleavage face was not 
shown. The texture of bright chromium plating was 
found to be near the limit of resolution, being of the 
order of 100 A, but matt (grey) chromium has a surface 
of little cubic blocks measuring about 0-5-1-Op (1947, 
5). 

The examination of the silhouette of prepared wires 
is a rather limited method of studying surface finish. 
Robillard has given photographs of the effects of 
“flashing” and of electro-polishing on tungsten showing 
that although the former process only slightly improves 
the smoothness, polishing does ‘so very fully (1948, 
14 & 15). Brown is using this device for examining slip 
lines. 

Very thin films of metal formed by evaporation and 
deposited upon surfaces of collodion, glass or salt have 
been found to be granular (1943, 3: 1941, 9). The grains 
are a few hundred angstroms in diameter, but usually 
grow larger as the thickness of the deposit increases. 

Heidenreich’s study of slip in aluminium (1947, 3: 
1947, 4) is one of the most interesting and promising 
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applications of electron 
microscopy toa metallur- 
gical problem. Although 
earlier work did not add 
much to the knowledge 
of strain marking (Bar- 
rett, Metals Tech., 1948, 
T.P. 2327) Heidenreich, 
using the great resolving 
power of the aluminium 
oxide replica, was able 
to demonstrate that slip 
bands in 99-99% alu- 
minium consist of 
several laminae about 
300 A wide (Fig. 13). 
Slip occurs along each 
lamina to an average 
extent of 2,000 4. Sim- 
ilar results have been 
announced for both 
nickel and brass (1947, 
3) the spacing in the 
latter being some 340 atomic diameters (1948, 8). 

In etched copper the surface exposed by subsequent 
slip is smooth and stands out clearly against the struc- 
ture of the original surface (1943, 1): the displacement 
is about 5,000 A. 

Precipitation phenomena have always been one of the 
most tempting fields for electron metallography and 
observations have been recorded on aluminium-copper or 
duralumin (1946, 3: 1944,5: 1947,4: 1942,6: 1942, 
8), Hydronalium (1942, 6; 1942, 8) copper-beryllium 
(1945, 2: 1946, 5: 1947, 4), magnesium-aluminium 
(1946, 2), aluminium-iron (1946, 8), iron-molybdenum 
(1945, 2), and K Monel (1944, 2). In general earlier 
steps in the process are observed than had been seen by 
optical studies. 

In aluminium oxide replicas of the duralumin type of 
alloy pores appear early in the ageing process, for 
instance after 15 mins. at 250° C. (1942, 8). These are 
often attributed to a concentration of copper in the solid 
solution before any actual separation of new phase occurs 
(1942, 6: 1942, 8: 1947, 5), but an alternative sugges- 
tion is that copper liberated on etching redeposits on the 
surface (1946, 3). After 4 hours ageing at 220° C. 
plates of precipitate have appeared (1942, 8). Formvar 
replicas show the development of streaks in the surface 
after 30 mins. ageing at 250° C. (1944, 6). 

Hydronalium, after ageing for 15 mins. at 200°C., 
contains clusters of tiny particles (100 A) presumed to 
be Al,Mg;, and these clusters grow in density until they 
are apparently solid masses about one micron in size 
1942, 6: 1942, 8). Stress corrosion is at its maximum 
as this agglomeration begins. 

So far the most satisfying published work on precipita- 
tion has been done on copper-beryllium (1945, 2: 1946, 
5: 1947, 5), although the maximum hardness still 
occurs before precipitation is detectable (1945, 2). On 
ageing after quenching from 800° C. the a-phase reaches 
its maximum hardness before the £-phase does. In 
both phases optical work had revealed the formation 
and fading of striations during ageing. | Work in 
which two replica processes were used in parallel, 
showed that when the maximum hardness is reached in 
the a-crystals after 2 hours ageing at 350°C. the 
striations consist of rows of very fine particles (c. 100 A). 


acid, 


October, 1949 


Photo due to E. M, Mahila and A. Nielsen, 
Fig. 12.—(Left). A grain boundary in a stainless steel etched electrolytically in oxalic 


collodion replica. Fig. 13.—(Right). 
nature. 


Photo due to R, D. Heidenreich and W. Shockley. 


Cavities in place of carbide appear as peaks on the chromium-shadowed 


Slip bands in aluminium showing their laminar 
uminium oxide replica. 


These grow slightly with further ageing and are presumed 
to be a-phase. In the f-material the striations at 
450° are shown to be due to a laminated decomposition 
structure of a and y-phases. In the unaged quenched 
material a terraced structure related to the crystallo- 
graphic symmetry is found. 

A striking example of terraced structure (“‘crystallo- 
graphic etch ’’) which has been observed in a quenched 
magnesium—9°, aluminium alloy could not be observed 
once precipitate had formed (1946, 2). 

Recrystallisations and phase-change reactions are 
particularly attractive subjects for the emission micro- 
scope (1933, 1 : 1934, 1: 1935, 1: 1937, 1 & 2: 1938, 2. 
1939, 1), although a limitation is put to such studies 
because a temperature giving adequate emission from 
the specimen is often above the transition point. It 
was shown quite early that the pattern observed on 
nickel activated by a deposit of barium did in fact tally 
with the crystal structure of the nickel (1933, 1). When 
zirconium was transformed from the 8 (cubic) form to 
the a (hexagonal) by cooling and back again to 8 
exactly the original pattern of grains reformed (1938, 2). 


Photo due E. M. Mahila and N. A. Nielsen. 
Fig. 14.—Residue, presumably of carbide particles, from 
a stainless steel dissolved in bromine-methanol. The 
form of the residual particles from steels after different 
treatments appears very distinctive. 
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The £-grain pattern could be seen clearly in the a-state 
because the a-needles were parallel throughout the 
area of any one f-grain. A similar observation of .the 
reformation of the original y grain structure was recorded 
for the ferrite in 0-2°%, C steel after cooling to obtain the 
a-phase and reheating (1934,1). In this case sufficient 
emission only occurred above 900° C. and the experiment 
was carried out by observing the y-phase at 1,050°C., 
cooling the specimen below the transition temperature 
for 5 mins. and reheating until the structure was visible. 
The phenomenon was attributed to the retention of 
nuclei of y-structure on cooling. In similar experiments 
with electrolytic iron (1935, 1) the transformation was 
not reversible in this sense and a totally different pattern 
of y-grains was obtained after the cycle. In the experi- 
ments with zirconium, grain growth in the f-structure 
was influenced by the temporary transformation to the 
a-modification. 


The examination of fine metal powders is an obvious, 
but not, as yet, particularly fruitful application of the 
electron microscope. Mahla has shown (1948, 11) that 
the insoluble residues when a steel is dissolved in 
bromine-methanol are of quite a variety of forms and 
these appear to depend upon the steel and its previous 
treatment (Fig. 14). 

A bibliography of papers in which techniques or 
observations of metallurgical interest have been found 
is appended. This covers literature published before 
the end of 1948. From then onwards it is less and less 
likely that points of metallographic value will be hidden 
in papers of essentially other interest, and probable 
that electron microscopy will come quietly into use in 
those metallographic studies in which it can be of value. 

The author wishes to express his thanks to Dr. T. E. 
Allibone, F.R.S. for permission to publish this 


paper. 
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The Life of Dies 


HERE was a time when it was considered 
sufficient to apply any lubricant to dies in 
forging and- other chipless metal-forming opera- 
tions. Cost of lubricants was considered before any 
other factors and in consequence waste lubricants 
were often employed. A comparatively short die life in 
certain forging operations was accepted as inevitable, 
but in recent years more attention has been paid to 
the problem of lubricating dies. In the field of deep 
drawing, the Engineering Department of the University 
of Sheffield have set a fine example in carrying out a 
systematic and scientific analysis of lubrication in such 
an operation. In die forging, increased attention is 
being paid to the subject, while in extrusion, it has 
now been accepted that the matter is sufficiently 
important to warrant research of a high order. 

Unfortunately, most of the information about die 
lubrication is speculative. It is not possible to measure 
accurately contact pressures over die faces and to 
observe closely what happens during the process of 
forming the stock. Nevertheless, useful data has been 
accumulated largely as a result of scientific deductions 
made from empirical information. 

In die forging, pressure and heat constitute the major 
problems. But to think that these are the governing 
factors in the efficiency of lubrication would be to over- 
simplify the position. The views expressed by Professor 
W. H. Swift of Sheffield University, in which he draws 
attention to the failure of liquid films to withstand die 
pressures, has given a pointer towards the preservation 
of dies in forging and extrusion. He found that dry 
lubricating films would function very satisfactorily, and 
following up this approach in forging and extrusion, 
firms engaged on that class of work have confirmed 
that it applies also to other work. 

It seems that the main function of an oil when applied 
to a forging die is to create a gas cushion between die 
and stock. The explosive combustion of the oil also 
moves and discourages the adherence of scale. But 
this practice is accompanied, in many instances, by 
blowing and scoring. Such a trouble is felt particularly 
in deep cavity dies where the vapour may be trapped 
and built up to an excessive pressure before escaping. 

A new approach has been made by various firms in 
the Midlands engaged on die forging. Dies are first 
of all cleaned and a thin graphite film formed upon them 
with ‘ Aquadag”’ colloidal graphite in water or other 
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suitable dispersion. The dry slippery film resulting is 
then polished lightly and put into service. During 
forging the dies are swabbed or brushed periodically 
with a dispersion of semi-colloidal graphite in a light 
liquid such as white spirit or paraffin. This latter 
mixture maintains the thin graphite film on the dies 
and offers many advantages. The lubricating properties 
of graphite are sufficiently well-known to need no 
emphasis. The important thing to remember, however, 
is that any film of this material formed on die faces 
should be thin and pure. That is why colloidal or 
semi-colloidal graphite is becoming widely employed. 

Interesting results are coming in from initial tests 
with this new technique. One Midlands manufacturer 
engaged on forging connecting rods for a popular 
British car has stepped up the die life from about 
3,500 forgings to over 10,000 forgings. Incidentally, 
the graphite film is resistant to temperatures over 
600° C. and, consequently, is ideal in this respect for 
forging operations. In another works the die forging 
of con rods was found to produce, with oil as the die 
lubricant, fine longitudinal cracks on the webs. These 
cracks meant a relatively high percentage of rejects 
because they were considered as predisposing the con 
rods to fatigue failure in service. Close examination 
of the forging operation showed that the trouble arose 
from small blow-holes caused by oil. The introduction 
of graphite lubricants has eliminated the problem. 

It might be added that this technique has already 
been widely adopted for tube extrusion, particularly 
in aluminium alloys. One large producer of brass and 
cupro nickel tubes which are reduced on tapered 
mandrels, has found that the addition of 10% ““Aquadag”’ 
to the soluble oil used for lubrication has materially 
improved finish. The same manufacturer has standard- 
ised on the use of this colloidal graphite for forging of 
turbine blades in aluminium bronze. Manufacturers of 
stamps have taken to the idea of using graphite dis- 
persions and practice may soon become general. 

It illustrates the importance of not applying con- 
ventional ideas about lubrication to metal-forming 
operations. Extremely high loads between die and 
metal stock make it doubtful whether one can consider 
lubrication theory as applying in any way. In the light 
of recent developments with graphite dispersions, it is 
anticipated that there may be further interesting 
developments in this field, if successful results are 
reported from preliminary work now in hand. 
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The Production Engineering Research 


Association 


By Dr. D. F. Galloway, Wh.Sch., M.I.Mech. E., 
M.1I.P.E., A.M.I.E.E., B.Sc.Hons., M.Inst.Pet. 


This report of the above Association, which came to hand too late for inclusion in our 

September issue, indicates how rapidly the organisation is building up a service of vital 

interest to all production engineers. Although the most recent of the national co-operative 

research associations to be formed with Government support, it has already established 

itself and its work has not only stimulated activities in many fields but has led to 

advancement in processes and operations which have as their objective increased 
productivity. 


PERA, which took place in 

October, 1948, rapid progress 
has been made in the development 
of the research activities and informa- 
tion services. 

The official opening stimulated 
wide interest in the affairs of PERA 
and was attended by over 300 
directors of engineering companies 
from all parts of the British Isles. 
The exhibition in PERA workshops 
and laboratories was designed to 
show the nature and application of 
the research work which was in pro- 
gress at that time and also to 
indicate the future spheres of re- 
search to which the Association’s 
attention would be directed. Ex- 
hibits included rough and finish 
turning ; drilling and drill grinding ; 
plain and thread grinding ; cutting 
oi! and corrosion tests; milling ; 


Gre the official opening of 


tapping ; plastic moulding ; demon- — ati 
strations showing the effects of A few of the many present at the official opening ceremony ; from left to right : 


+ 4s . : Dr. D. F. Galloway, Mr. H. S. Holden, Mr. H. H. Harley, Sir Geoffrey 
variations in the cutting angles of je \worth, Mr. Mark H. Taylor, Lord Riverdale. Sir William Stanier, 


screwing die chasers on a capstan 
lathe ; the effect of back-pull in wire 
drawing ; pressures involved in press operations, and 
machine tool efficiency, deflection, vibration and bearing 
tests. 
The principal guest was Sir Geoffrey Heyworth, 
Chairman of Unilever, Ltd., and of the Advisory Council 
of the Department of Scientific and Industrial Research. 
The President of PERA, the Rt. Hon. Lord Riverdale, 
G.B.E., LL.D., was also present. 

In the course of Sir Geoffrey’s reply to Lord Riverdale’s 
speech of welcome to the guests at lunch, he said :—- 

*** Down-to earthness’ is the outstanding impres- 
sion of all work that you will see going on in the 
laboratories as you go round this afternoon. It is a 
quality which makes an industrialist immediately feel 
at home, and will do much to ensure enthusiastic 
support, particularly from those who hitherto have 
not been research-minded. 

**T have a deep faith in the future of PERA. I and 
my associates in the D.S.I.R. will follow its career with 
real interest—confidently expecting to derive stimula- 
tion from the rapidity of its progress. This faith is, 
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Mr. S. J. Harley. 


I know, shared by everybody here to-day, and in 

course of time will spread throughout units of industry, 

both large and small, in every part of the country.” 

Partly due to the officiel opening, membership of 
PERA has now increased to about 230 member-firms, 
of widely varying types and sizes, and the services 
which these firms are now receiving include the distribu- 
tion of reports on PERA researches at frequent inter- 
vals; special practical investigations for individual 
firms ; a technical enquiry service ; the PERA Bulletin 
abstract and photocopy service; library services, 
informal conferences for shop-floor personnel ; training 
courses for senior and ex-apprentices, and practical 
advice given on the shop-floor during visits to member- 
firms by PERA engineers. 


Technical Enquiry Service 


The information service covers all aspects of produc- 
tion activity and the technical enquiries recently 
received from member-firms include over 300 individual 


problems involved in drilling, tapping, grinding, press- 
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Showing some of the heat treatment plant installed in 
the metallurgical laboratories. 


work, design of machine tools, finishing, assembly, 
lighting, contour machining, riveting, design of. mech- 
anisms, and many other subjects relating to the whole 
field of production engineering. 

Technical enquiries are requests for information of a 
technical character which can be answered without 
involving actual research. The object of the service is to 
search for and correlate existing information, to consider 
it in the light of our own knowledge and research activi- 
ties and then to pass it on to member-firms. Amongst 
the enquiries received are many of a specifically produc- 
tion engineering nature related to actual workshop 
problems. These include requests for our recom- 
mendations for tools for particular materials or jobs, 
instances of this being recommendations for the best 
type of drill for aluminium milling cutters for a widely- 
used aluminium alloy, the design of a form tool for 
machining a work-hardening alloy steel and the best 
design of drill head for gun barrel or deep hole drilling. 
Other enquiries have been received relating to the 
machining of cast iron and special purpose alloys, such 
as tungum, and this field is not confined only to metals but 
extends to such other materials as plastics and ceramics. 

Specialised machining operations have also received 
a certain amount of attention, a noteworthy example 
being an enquiry asking for information about the use 
of a solid carbide boring bar for boring gudgeon pin 
holes in pistons. Recourse to the technical press showed 
that this had been done in America and we were able to 
produce from this material an experimental design. 

Recently developed processes have also received 
some attention and amongst these, enquiries have been 
received and answered on such subjects as_ barrel 
finishing, liquid honing, flame hardening and induction 
hardening to mention but a few. An interesting example 
of this type of enquiry was in connection with upset 
forging. Difficulty was being experienced by a member- 
firm with the cold heading of a particular type of tension- 
ing bolt. They asked for our advice regarding the ratio 
between the diameter of bar and the length of material 
that could be successfully upset. We were able to 
produce references to work of this nature which had been 
carried out and were able to provide the firm concerned 
with a set of rules for determining the necessary propor- 
tions of the bar. After putting into operation these 
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recommendations, the member-firm was 
able to confirm the validity of the rules 
and experienced no further trouble in the 
manufacture of the product in question. 

Recommendations have been made con- 
cerning the type of cutting fluid for certain 
operations and materials and we have sug- 
gested specifications of steels for such applica- 
tions as collets and dies. We have also been 
asked for recommendations for materials for 
machine tool parts such as clutch plates. In 
some cases we have undertaken, where the 
work involved was not great, to submit a 
report on a faulty component and to suggest 
causes of failure. 

The answering of these very varied en- 
quiries is accomplished by making use of the 


Part of the workshops during the official display. 


many sources of information which are open to PERA. 
At hand we have our Library which continually grows 
in value as its stock is increased, the technical press 
which keeps us abreast of current development, and past 
issues of PERA Bulletin which form a guide to what has 


been written in the past about particular subjects. Very 
often an enquiry can be speedily answered by the 
specialised knowledge of a member of PERA’S technical 
staff, so that by sending their problems, member-firms 
are in effect extending their own technical staff. Past 
and present research is yet another means whereby 
answers can be given to enquiries. 

Our resources do not, however, end here, for through 
the national library system we are able to obtain om 
loan any book contained in the libraries of the country. 
Standards of most of the countries of the world are con- 
tained in the library of the British Standards Institution, 
of which we are members and of which considerable use is 
being made. Members of the Association also contribute 
a great deal to the answering of other members’ enquiries 
and we have received considerable co-operation from 
member-firms who have put at our disposal their own 
very specialised knowledge of materials and processes. 
In this way we act as a clearing house, ensuring that 
the most recent technical advances are put at the disposal 
of British industry. Under no circumstances, however, is 
information derived from one firm divulged to another 
without permission from the firm supplying the informa- 
tion; PERA is prepared to observe strict confidence 
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either regarding data supplied by a firm or information 
supplied to the firm as a result of a special private 
investigation on their behalf. 


PERA Bulletin and Photocopy Service 


Over a thousand copies of the monthly PERA Bulletin 
are now circulated in member-firms, and contain each 
month about 200 production engineering abstracts from 
a wide range of British and foreign technical journals, 
proceedings, research reports, etc. In most of these 
firms, the circulation of the Bulletin is directly arranged 
by PERA Information Department by attaching the 
appropriate circulation slips to Bulletins before they are 
despatched to the firm. On these circulation slips are 
placed the names of a very wide range of personnel in 
the firms concerned, including directors. works managers, 
production managers, foremen, inspectors, designers and 
draughtsmen, production engineers, works managers, 
metrologists, planning engineers, machine operators, 
etc. In some cases, as many as 100 employees on the 
works and production staff in the same firm receive a 
copy of the Bulietin. 

A very efficient photocopy service is now operated in 
conjunction with the Bulletin, and requests for these 
photo-copies of articles referred to in the Bulletin are 
how being received at a rate approaching 1,000 per 
month. If the articles despatched to member-firms in 
this way do not contain the final answer to their problems, 
a special search is made by the Information Department 
to provide more comprehensive information on the 
subject concerned. 


PERA Student Scheme 


The first major development in PERA educational 
activities, which arises out of the demand from member- 
firms for educational courses for senior apprentices, 
foremen, inspectors, etc., and which constitutes an 
important aspect of the steps being taken to ensure that 
production personnel at all levels are well informed of 
the advantages of the most recent developments in 
production methods, is the Student Scheme. Partici- 
pants in this scheme are senior or ex-apprentices sent 


Sir Geoffrey Heyworth and Lord Riverdale inspecting the 
workshops and laboratories with Dr. Galloway as guide. 


by member-firms for six months to Staveley Lodge, 
where they gain detailed knowledge of the principles 
underlying production engineering research. Although 
each student is attached to a particular research team he 
attends talks and discussions on all aspects of PERA 
activities and thereby becomes infused with a more 
progressive outlook towards production engineering, 
which can subsequently be turned to very good account 
by his employers and provide a very useful link with 
PERA. Facilities also exist for other activities which 
assist in increasing the students’ knowledge of produc- 
tion engineering practice, including special works visits 
to about a dozen PERA member-firms, selected to 
illustrate the different types of production techniques 
applied to a variety of products—e.g., radio, auto- 
mobiles, aircraft, electrical equipment, domestic utensils, 
etc. 

Plans are now being made to hold a series of informal 
conferences at Staveley Lodge for all production per- 
sonnel, particularly those directly concerned with the 
use of tools, machine tools, cutting fluids, ete. The first 
conferences will be on the subject of tool grinding and 


Rubber die pressing tests being carried out on 
a 500-ton hydraulic press. 
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Correct drill point design being explained at a 
demonstration. 
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will include illustrated lectures, discussions and demon- 
strations on correct tool-grinding techniques in conjync- 
tion with a special exhibition of tool-grinding equipment 
in PERA workshops. 

The Student Scheme, conferences and other educa- 
tional activities, including special training courses for 
key personnel from individual firms upon request, will 
assist the firms to create a substantial nucleus of per- 
sonnel thoroughly acquainted with the activities of 
PERA and well qualified to assist in the application of 
research results or the introduction of routine tests on 
tools, machine tools, cutting fluids, etc., in their factories. 
The importance of this cannot be over-emphasised as it 
leads to a wider use of PERA services generally and also 
establishes effective links for liaison between member- 
firms and PERA engineers whose purpose during liaison 
visits is to contact the greatest possible range of per- 
sonnel in order to secure the widest and most efficient 
use of PERA services directly in the workshops. 


Member-Liaison 


The member-liaison scheme has a most important 
and beneficial effect on the thoroughness with which the 
needs of each individual firm are served. The most 
effective liaison visits are those in which the PERA 
engineer contacts all grades of management and produc- 
tion personnel with the result that employees through- 
out the firm are fully acquainted with the services of 
PERA. PERA is anxious that each research under- 
taken shall have a direct bearing on the requirements of 
as many member-firms as possible in order that the 
subsequent application of the research results will have 
the widest possible effect. The research results and other 
production engineering knowledge must be applied in 
each firm with the minimum delay. For these reasons 
great importance is attached to the member-liaison 
service and visits are being paid to each firm at the rate 
of about two per year. Special visits are made where 
necessary at short notice, to give assistance on urgent 
problems which arise from time to time in the workshops. 

Usually, member-liaison comprises a tour of the 
works, meetings with departmental heads, foremen, etc., 
and discussions of problems on the production site. In 
some cases, the PERA engineer is able to make immediate 
recommendations or suggestions for overcoming the 
individual production problems, but as various PERA 
engineers specialise in different aspects of production 
engineering, it is often necessary to transmit the problem 
back to Staveley Lodge for consideration by other 
engineers on the Research Staff, some of whom may, 
upon perusal of the complete report on the problems 
which arose during the member-liaison visit, pay a 
second visit to the firm concerned and hold a more 
detailed discussion of a particular problem. It may 
also be necessary to communicate with manufacturers 
specialising in the equipment or processes relating to 
the problem, and in this way PERA is able to place very 
wide industrial experience at the disposal of individual 
mem ber-firms. 

The greatest advantages of member-liaison are often 
obtained when, as a result of the discussions which 
take place, one of the firm’s products, or in some cases 
a machine, is brought back to PERA to allow the closest 
possible study of the factors affecting the efficiency of 
a particular operation. In some cases a product may be 
completely redesigned to provide a substantial reduction 
in manufacturing costs (and even in some instances to 
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increase attractiveness of design where this is of impor- 
tance to the saleability of the product). The success 
of member-liaison in the past has encouraged us to 
draw up plans for providing a more frequent liaison 
service in the future, which will usually cover the needs 
of most firms. 


Research Programme 


Research reports are now being issued on practical 
investigations carried out during the past year. There 
will be nine complete and eight abridged reports on this 
work, which includes: (1) Tests of the performance of 
soluble cutting oils during drilling, turning, milling and 
grinding operations and also tests on various physical 
aspects of the oils including analysis, co-efficient of 
friction, tendency to cause corrosion, etc. ; (2) investiga- 
tions into the design, performance and testing of centre 
lathes to provide data of direct value to both users and 
makers ; (3) a survey of methods of packaging engineer- 
ing equipment. A series of machinability and forma- 
bility tests on a wide selection of materials has also 
been carried out on a contract for the Ministry of Supply. 
The purpose of the abridged reports is to provide the 
research results in the form most suitable for rapid 
utilisation by production personnel and the complete 
reports provide full details of the method, equipment, 
and results relating to each investigation. Both forms 
of report are being distributed freely in member-firms. 
The copies of the complete reports are made available, 
not only because of the growing demand for this informa- 
tion among makers of cutting tools, machine tools, 
cutting fluids, materials to be machined, etc., but also 
because of the increasing interest among discriminating 
users who hope to establish their own facilities for carry- 
ing out standard tests. 

In due course, some of the standard tests used in 
production engineering research will probably be used 
as a basis for B.S.I. specifications, and it will be n 
for member-firms to have a clear understanding of the 
detailed nature of these tests if the opinions of the 
engineering industry are to represent a reliable contribu- 
tion to the establishing of the standards. Engineering 
firms are, therefore, becoming increasingly interested in 
the tests so that eventually, in the same way that after 
years of development, standard physical tests were 
established for materials such as steel, tests relating to 
the use of production equipment can be standardised 
in a way which will be of positive use to makers and users 
of this equipment. 

The report on the effect of soluble cutting oils is 
divided into six parts—namely :— 

. Chemical and physical tests ; 
. Turning tests ; 

. Milling tests ; 

. Grinding tests ; 

. Drilling tests ; 

. Summary. 

The first part relates to the tendency of the oils to 
cause corrosion of machine parts, etc., and also contains 
additional information on the physical characteristics of 
the oils. Parts 2 to 5 show the effects of the different 
oils when used in various machining operations on 
selected materials. The summary will be an attempt to 
correlate the results given in the first five parts. 

The reports on the machine tool investigations will be 
a in several parts, the first two being concerned 
with :— 
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A lecture in progress at the Association’s headquarters. 


(a) Practical centre lathe tests and results ; 

(6) Design and use of centre lathes. 

Similar reports relating to radial drilling machines, 
and other machine tools will be issued in due course. 
This work has been conducted and reported on in such a 
way that it will be of the maximum benefit to machine 
tool users as well as makers. 

The report on packaging of engineering equipment is 
not the result of practical work, but consists of a survey 
rs packaging methods and materials undertaken to meet 

a special request received from a section of PERA 
membership and carried out with the co-operation of 
many member-firms in which economic packaging is an 
important consideration. 

The method to be adopted for the distribution of the 
reports is to send one copy of each complete or abridged 
report to the PERA representative in each firm, who 
indicates the requirements of the firm for each report. 
In order to disseminate the results of research as widely 
as possible the abridged reports will be circulated among 
all personnel directly converned with production methods 
and equipment. 

The research programme for the next twelve months 
includes investigations of: (1) The manner in which 
certain dimensional and metallurgical variations affect 
bend allowances ; (2) the effect of different values of die 
clearance on resultant hole shape, size, finish, etc., when 
blanking and piercing a range of ferrous and non- 
ferrous alloys ; (3) comparative performances of drawing 
lubricants ; (4) effects of core hole size on accuracy of 
tapped holes and tap breakage ; (5) geometrical accuracy 
of a wide selection of taps made by British manu- 
facturers ; (6) life and performance of selected taps when 
tapping various materials ; (7) the performance of small 
drills ; (8) general research into grinding and turning. 

To ensure that the most up-to-date knowledge and 
industrial experience available is applied to the investi- 
gations in the fields of metal forming and metal cutting, 
two sub-committees, composed of representatives 
nominated by member-firms, and possessing specialised 
knowledge on the subjects in question, have been set up 
by the Technical Committee. These two committees are 
as follows :— 


1949 


October, 


Metal Forming Sub-Committee 


Dr. H. Schofield, Principal, Lough- 
borough College (Chairman). 

Mr. J. E. Cook, The Metal Box Co., Ltd. 

Mr. W. R. Cutler, The Bristol Aeroplane 
Co., Ltd. 

Mr. H. E. Grimshaw, The Renold & 
Coventry Chain Co., Ltd. 

Mr. H. P. Hawkes, Vauxhall Motors, Ltd. 

Dr. J. D. Jevons, Messrs. Joseph Lucas, 
Ltd. 

Mr. A. M. C. Murphy, Messrs. Hall & 
Pickles, Ltd. 

Mr. G. Murray, The Pressed Steel Co., 
Ltd. 

Mr. D. Somerville, Messrs. Hoover, Ltd. 

Mr. H. Townsend, Mitcham Works, Ltd, 


Metal Cutting Sub-Committee 


Mr. W. P. Kirkwood, Albion Motors, 
Ltd., (Chairman). 
Mr. W. H. Bellamy, Messrs. James Neill 
& Co. (Sheffield), Ltd. 
. Davies, The Park Gate Iron & Steel Co., Ltd. 
. Haslam, Messrs. Tangyes, Ltd. 
. Haslam, Messrs. Hall & Pickles, Ltd. 
. Jackson, The Standard Motor Co., Ltd. 
. Jeakins, The Bristol Aeroplane Co., Ltd. 
. Lloyd, Messrs. James Archdale & Co., Ltd. 
. Naismith, Messrs. W. T. Flather, Ltd. 
. Ward, Deloro Stellite, Ltd. 
. B. Wolfe, B.S.A. Tools, Ltd. 
J. ‘Woolman, Brown-Firth Research Laboratories. 

In spite of the rapid progress made during the last 
year or so, those who are most intimately acquainted 
with the development of PERA know that it is really 
still in its beginnings, and that there is still much progress 
and expansion to occur before the scope and value of 
PERA attains the level now visualised. 

Many prominent industrialists, such as Lord Riverdale, 
Sir Lionel Kearns, Sir Holland Goddard and Sir Andrew 
McCance, who have become enthused with the work 
and objectives of PERA, are giving: valuable assistance 
by organising special meetings in various industrial 
centres, such as Sheffield, Manchester, Leicester, Glas- 
gow, Leeds and Birmingham, to which they have 
invited chairmen and directors of engineering firms in 
the area, with the object of enlisting their interest in 
PERA. A special meeting at the Institution of Mech- 
anical Engineers headquarters is also being organised 
on behalf of PERA, and several hundred directors from 
companies throughout the British Isles will be supporting 
this meeting. 

With the further increases in resources and facilities 
now becoming available to PERA, new schemes for 
publicity will be introduced, to ensure that the whole of 
the engineering industry has adequate opportunities 
for keeping in touch with the most recent developments. 
One of these schemes will consist of a series of films, now 
being planned, which will be available for showing all 
over the country, in factories, before engineering societies, 
and at special lectures and demonstrations organised 
by PERA ; for the underlying concept of PERA is one 
which was emphasised very recently at the British 
Association Conference in Newcastle—namely, the 
necessity for promptness in the application of knowledge 
to industrial practice. 
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High Frequency Induction Heating 
The New Forge at John Garrington & Sons Ltd. 


The use of induction heating for many processes is not only resulting in greater economy 

and efficiency, but it provides working conditions that are greatly superior to those 

associated with older methods. The clean and airy buildings possible when using this 

form of heating facilitate the maintenance of high rates of production. An example 
of the application of induction heating in a new forging shop is described. 


new forging shop built at Bromsgrove where 

12 of the latest type of American forging presses 
of various sizes have been installed for the mass produc- 
tion of repetition forgings chiefly for the motor-car and 
tractor industries. These presses are capable of very 
large outputs, provided a steady supply of billets 
suitably heated to a uniform temperature is available, 
and provided also, that operating conditions do not 
impose too high a strain on the operators. After careful 
consideration of all types of heating, the principle of 
high frequency induction heating was adopted as the 
only means of fulfilling all these requirements. The 
plant has now been in operation for nearly a vear and 
has given ample justification to the decision to adopt 
this revolutionary method of heating. 

The plant is the largest of its kind in the world and 
all the induction heating equipment has been supplied 
jointly by Birlee Ltd. and the Electric Furnace Company 
Ltd. These two, normally rival, firms made arrange- 
ments to combine all their resources to give early 
delivery and to ensure success to this great novel 
British enterprise. 

The fundamental principle of induction heating is 
now well known—namely, that any article that conducts 
electricity is heated when placed in an alternating 
magnetic field. In earlier installations it has been 
usual to place the article inside a helical inductor, but 
in order to give improved reliability, ease of maintenance 
and to permit simpler automatic handling equipment, 
channel type inductors have been used throughout the 
Garrington installation. The heater stations—which 
will be described in more detail later—are all of the 
turntable or rotary hearth type. The output and size 
of billets to be heated vary with the different sizes of 
press, and to cover the full range, two frequencies— 
3,000 and 10,000 r. per sec.—are used to heat the large 
and small billets respectively. 

Fig. 1 shows diagrammatically the layout of the two 
generator houses and of the forge shop, how the various 
generators are coupled, the rating and potential output 
of each station, and the nominal sizes of billet that 
can be heated. It will be noted that in each generator 
house three similar machines are installed, each con- 
sisting of two generators coupled to a common motor. 
The 3,000 cycle machines are of Metropolitan-Vickers 
manufacture and the motors are fed direct from the 
11,000 volt supply. The 10,000 cycle motor-generators 
were manufactured by the British Thomson-Houston 
Co., and the driving motors are fed through step-down 
transformers at 440 volts. Each generator is provided 
with series condensers and automatic controls to hold 
constant the output voltage over varying operational 
conditions. 


A new forging has already been made of the 


In the case of the 10,000 cycle equipment, each 
generator feeds a separate heater station, although the 
individual loading of the station is controllable from 
150 kW. downwards. With the 3,000 cycle equipment 
each generator has two 250 kW. windings which can be 
run independently or parallelled, if required, giving 
great flexibility of output. The total loading on each 
set is, however, limited by the rating of the motor to 
800 kW. It will be noted that, in one case, presses 81, 
82 and 83 are shown to have heater stations rated at 
250 kW. or 300 kW. This is made possible by running 
two half generators individually on two stations and in 
parallel on the third. A generator changeover switch 
(not shown on the diagram) permits this selection to 


‘be made at any of these three stations. In the case 


of the heater stations for presses 84 and 85, the two 
windings of each half generator are connected in parallel, 
while, in the case of the station press, 86 all windings 
are in parallel to give a maximum output of 800 kW. 
Both generator houses are provided with ventilating 
and cleaning plant to blow clean air into the house for 
cooling the motors and generators. The cooling air is 
drawn through the machines by fans built into them 
and the hot air is discharged through ducts underneath 
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Fig. 1.—Diagrammatical layout of induction forging 
installation. ; 
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Fig. 2.—Showing the 3,000 cycle generator 
house. 


the floor to the outside of the buildings. The 
generator houses are fully equipped with 
crane and other facilities for maintenance 
purposes. Fig 2 shows the 3,000 cycle 
generator house. 

All heater stations are similar in principle 
but differ in size. Fig. 3 is a photograph of a 
complete unit in the forge shop showing the 
large No. 86 press, its heater station and 
control cubicle. The operator isshown charging 
the billets onto the loading section of the turn- 
table. A loading gauge ensures that the 
billets are correctly positioned on the turn- 
table so that they will pass freely through 
the channel coil. The billets are progressively 
heated as they pass through the coil and at 
the discharge end run into a heat insulated 
muff until the complete billet is well clear 
of the coil. A_ trip lever, operated 
by the billet itself, then sets in motion 
the air-operated knock-off gear which first lifts the 
muff clear of the billet, allowing a striker arm to wipe 
off the billet down a chute right to the hand of the 
forgeman. Fig. 4 shows this striker gear in action. 

Once the equipment has been started up, the operator 
has only to lift the billets from the charge bin and 
place them on the turntable. The press man has to 
lift the hot billet from the chute, place it in the die 
and operate the press. Neither job is arduous nor calls 
for a high degree of skill. Actually, the heater station 
operator has the easiest job—far different from the 
furnace operator with other forms of heating. 

The refractory linings of the coil and of the hearth 
are the result of very careful investigation. The coil 
lining must be a good electrical insulator and not 
readily fluxed by iron oxide. The hearth refractory, as 
well as being free from attack by hot iron oxide, must 
be strong enough to withstand the mechanical wear 
and tear of charging and discharging. It must also 
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have low thermal conductivity and 
heat content to prevent “cold 
bottom ”’ to the billets. 

The great advantage of the channel 
coil is its accessibility for mainten- 
ance purposes. The underside must, 
of course, be completely open to 
allow passage for the hearth refrac- 
tory. The top is sealed off by 
refractory tiles to prevent undue 
heat loss and oxidation. These tiles 
can, however, be quickly removed in 
case of necessity, fully exposing the 
billets within the coil. 

Each heater coil is provided with 
complete supporting framework and 
is specially designed so that it can be 
quickly changed when a different 
billet size has to be heated. Coils 
can be changed within half an hour— 
more quickly than the dies in the 
press—and spare coilsare always avail- 
able for an emergency. Coils are 


Fig. 3.—A complete unit in the forge shop showing the 


largest press. 


available for all sizes of billets in increments of } in. 
and provided that the right size of coil is used for the 
billet, the power consumption varies from about 500kWh. 
per ton for the smallest to 400 kWh. per ton for the 
largest billets. Coils are, of course, suitable for heating 
billets smaller than their nominal size, but at some loss 
of output and with some sacrifice of efficiency. 


The turntable supporting the refractory hearth is 
driven by an electric motor through a variable speed 
gear box and a special mechanical safety device is 
incorporated in the final drive which automatically 
declutches and switches-off all power should resistance 
to rotation become unduly high. 


The condensers, which are connected in parallel with 
the coil, are housed in a cubicle built composite with the 
turntable enclosure and switches are provided to vary 
the size of the condenser bank for the different coils 
and billet sizes. 
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Fig. 4.—The striker gear which pushes the heated billet 


to a chute along which it travels to the forgeman. 


All control of power input, speed of rotation of turn- 
table, etc., are carried out at the control cubicle. The 
main H.F. circuit breaker is push-button-operated from 
here and the adjustment of the variable rheostat con- 
trolling the automatic voltage regulator—which ensures 
a constant predetermined voltage at the terminals of 
the heater station—is also carried out at the control 
cubicle. Instruments on the front show the current, 
voltage, power and power factor of the energy being 
used, and the peripheral speed of the turntable. 

Heating by induction is very rapid— for example, a 


1} in. square billet is heated in ? minute and 
a 4-in. billet in 7 minutes. This coupled with 
other factors greatly reduces the amount of 
scale formed. The scale reduction is a 
valuable saving of steel and the soft, easily 
removable, oxide skin gives an improved die 
life. 

A very great advantage of induction heat- 
ing is that forging can be commenced within 
a few minutes of starting up. A long period 
of pre-heating—as is essential with fuel-fired 
furnaces—is unnecessary. Further, should 
there be any stoppage at the press due to die 
trouble or for meals, etc., all electricity can 
be switched off and billet heating at once 
stopped, but the equipment would still be 
ready for starting up again at a few minutes’ 
notice. This instant starting and stopping 
shows a great economy of power and in spite 
of high electricity costs (nearly 1d. per kWH.), 
the overall cost of electricity per ton of billets 
heated is less than the overall cost of using 
oil-fired furnaces. 

The cleanliness of the forge shop at Garring- 
ton is impressive. The use of a light airy building has only 
been made possible by induction heating, and the 
working conditions for the operators are utterly different 
from those in the old forge shops. The men are thus 
able to maintain the high rate of production over long 
spells and so earn good wages for their semi-skilled work. 
There is little doubt that such attractive working 
conditions will persuade the better and more intelligent 
operators to stay in the forging industry which, in its 
turn, will tend to increase the quality of the forgings 
produced. 


Staff Changes and Appointments 


Mr. K. R. Hopxrrk has been appointed Chief Mechanical 
Engineer and a Director of the British Thomson—Houston 
Company. He succeeds Mr. A. A. PoLLock who has 
retired, but will be available in a consultative capacity- 


Mr. G. R. Marsu, hitherto Sales Director, has now 
been appointed Assistant Managing Director to A. C. 
Wickman, Ltd. Mr. Marsh who is well-known in 
machine tool circles, joined the company in 1934 and 
was made a Director in 1940. 

Mr. N. F. Asrsury has been appointed to the Founda- 
tion Chair of Applied Physics in the New South Wales 
University of Technology, Sydney, and will shortly 
be relinquishing his position as Director of Research 
to the Guest, Keen and Nettlefold Group of Companies. 
He expects to leave for Australia in December. 


Mr. GaRNET JonzEs has been appointed Work’s Manager 
of the Trostre cold reduction plant of the Steel Company 
of Wales. Mr. Jones has been connected with the 
tinplate industry for 25 years and in 1941 he started 
up the first electrolytic tinning line in this country. 


Messrs. H. F. Spencer and L. J. Davies have been 
appointed Assistant Managing Directors of Richard 
Thomas and Baldwins, Ltd. Mr. Spencer will continue as 
Commercial General Manager, and Mr. Davies will 
remain as General Manager of the Ebbw Vale Works. 
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Str Artuur Smout has succeeded Sir Hugh Chance as 
Chairman of the Regional Academic Board of the 
West Midlands Advisory Council for Technical, Com- 
mercial and Art Education, following on the resignation 
of the latter in view of his recent appointment as 
Chairman of the Council. 

Mr. A. J. Murpuy has been appointed to the Chair of 
Industrial Metallurgy at Birmingham University, which 
appointment was vacated by Professor Leslie Aitcheson, 
owing to ill-health. 

Mr. H. M. Garner has been appointed Chief Scientist 
to the Minister of Supply in succession to Sir Ben 
Lockspeiser. Mr. Garner, who is 57, has had extensive 
technical experience in aircraft research and production. 
Mr. Dovetas Catton, Joint Managing Director of 
Catton and Co. Ltd., has joined the board of Warner 
and Co. Ltd., refined pig iron makers, Middlesbrough. 
Mr. Jongs, Manager of the light press depart- 
ment of the English Steel Corporation Ltd., has retired 
after 29 years’ service with the firm. 

Mr. C. F. Priest, Managing Director of Priest Furnaces, 
Ltd., Middlesbrough, has left for a business tour in 
the U.S.A. 

Mr. E. W. Coxseckx, Metallurgical and Research 
Director of Hadfields, Ltd., has accepted an invitation 
to become a member of the Inter-Service Metallurgical 
Research Council. 
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Adjusting Composition in the Cupola 


New Plant for the Production of Ferro-Alloy Briquettes 


The present shortage of high-silicon and hematite irons and the need for controlling 

easily alloy additions to foundry irons has greatly increased the use of ferro-alloy 

briquettes. To meet this growing need a new briquetting plant for large-scale production 
is being set up in Sheffield, a brief description of which is given. 


simply as a melting unit and, although slight 
changes in composition occur during melting, it is 

true to say that, in general, the quality of iron produced 
is mainly dependent on the type of iron charged. True 
a certain amount of semi-steel is produced in the cupola 
by including steel scrap in the charge, and many low 
alloy and special cast irons are made by the addition 
of alloying elements in the iadle. In general, however, 
the founder depends for his product on a particular 
type or types of pig-iron which, singly or in combination, 
will give him an iron of the required analysis. The net 
result of this method of working is that a variety of 
foundry pig-irons is necessitated, with the possibility 
of difficulties if a particular type of iron is in short 
supply. If it were possible to use one standard foundry 
iron as a base and modify the composition by additions 
to the cupola charge, the foundry pig-iron producers 
could work more economically and achieve greater 
outputs—both factors of considerable importance to 
the country’s economic position at a time when shortage 
of steel scrap is causing concern to the steel industry 
in its struggle to achieve ever-increasing output figures. 
The foregoing undoubtedly represents an over- 
simplification of the problem, and while some efforts 
have been made to reduce the difficulties mentioned 
by the standardisation of a range of foundry grades, 
the present shortage of high-silicon and hematite irons, 
for instance, make it desirable to have a means of 
controlling easily additions, particularly silicon, in the 
cupola. To this end the British Electro Metallurgical 
Company Limited have recently set up plant for the 
manufacture of briquettes of ferro-silicon, ferro- 
manganese and ferro-chromium. In Canada and the 


Ll: this country the foundry cupola is regarded 


United States these briquettes have been in large-scale 
use for some time and during the war the Company 
was instrumental in importing a quantity, but, due to 


Two views of the chemical laboratory. 
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the dollar situation, this has now become impossible. 
There are, however, definite advantages in making the 
additions in this form and in view of this it was decided 
to set up at Sheffield, a plant capable of producing 
several hundred tons per month. Already some of the 
larger and more progressive foundries have realised 
their value, both for adjusting composition and for 
definite alloying and, as the economies of iron founding 
become more widely appreciated, it is felt that their 
more widespread adoption will enable foundries to use 
less expensive pig-irons, and iron and steel scrap, and 
still produce high quality castings. 

The briquettes are made up from carefully screened 
material, to a patented specification, with a refractory 
binder. Uniformity of product is ensured by strict 
control of the raw materials and to this end a well- 
equipped laboratory has been installed for routine 
testing and advisory work. ; 

To prevent any possibility of mistakes due to mixing 
the three materials, distinctive shapes are adopted and 
a dye is incorporated in the mixture—yellow for silicon, 
red for manganese and green for chromium. This 
briquette method of addition minimises losses due to 
handling and obviates weighing of additions on the 
cupola charging platform, thus reducing the human 
factor of error. The slight increase in cost, due to the 
briquetting operation, is usually offset by the reduced 
losses, as the nature of the briquettes is such that the 
alloys are introduced into the iron with the minimum 
of oxidation. This saving in ferro-alloy material itself 
is of considerable economic importance as many ferro- 
alloys have to be imported because the high cost of 
electric power in this country makes it uneconomical 
to produce any ferro-alloys but those in which the power 
represents only a small proportion of the cost. 

Although the advantages outlined above make the 
use of these briquettes a matter for consideration in 
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all iron foundries, large or small, it is realised that many 
of the smaller foundries lack the necessary technical 
staff to appreciate these advantages to the full. The 
Company is, therefore, willing to place its technical 
staff and modern laboratory at the disposal of those 
interested so that the maximum advantage may be 
taken of this development. 


Radio-Frequency Induction Furnaces 
(A New Metropolitan-Vickers Unit) 


HE choice of frequency to be used for induction 
melting furnaces is governed by a number of 
factors, among which are the size of pieces constituting 
the solid charge and the amount of material to be 
melted. For the melting of small quantities of metal 
the radio-frequency unit presents advantages which 
make it worthy of consideration. Even powdered 
substances, which are themselves capable of conducting 
electric currents, but in which the surfaces of the 
particles resist the passage of a current, may be melted 
by radio-frequency currents. Induction melting results 
in a clean melt under controlled conditions, and the 
temperature can be maintained at any required figure 
or increased to a limit determined chiefly by the crucible. 
The R.F. apparatus requires no expensive foundations 
or elaborate buildings, in fact the smaller units may be 
portable if required. 

A demonstration was recently given of the new 
Metropolitan—Vickers 25 kw. unit which operates at a 
frequency of 600,000 c.p.s., a value chosen because 
both capital equipment and running costs are economical. 
The company manufactures three sizes of unit, having 
maximum R.F. outputs of 5, 10 and 25 kw. capable 
of melting 5, 10 and 20 pounds of ferrous materials 
respectively in 20 to 30 minutes. The capacities when 
melting non-ferrous metals are, of course, less than 
these. Normal units melt in air, but non-standard 
equipment can be supplied for use with special atmos- 


Metrovick 25-kw. radio-frequency induction furnace. 


pheres or for vacuum melting. The units are designed 
for operation on 380-460 volt, 50 ¢.p.s. supplies, single- 
phase for the 5 lb. unit and three-phase for the others. 

The equipment is designed for indoor duty and, as 
air cooling is used for the valves it must be sited in a 
position which will allow a free air circulation through 
the oscillator cubicle. The main items are the oscillator 
cubicle, tuned circuit cubicle and the furnace. Remote 
controlled ‘‘ on-load ” voltage regulation is provided on 
the 10- and 20-lb. equipments. 

The oscillator cubicle houses the main transformer, 
rectifier valves, filament transformers, fan for circulation 
of cooling air, main and auxiliary contactors and the 
necessary subsidiary and associated components. A 
radio-frequency filter in the main supply prevents R.F. 
feedback into the mains and a stabiliser maintains 
constant voltage on the filaments of the vaives. All 
controls and meters are mounted on the front panel 
and relays prevent accidental damage to the equipment. 
R.F. power is conveyed to the tuned circuit cubicle by 
screened co-axial cables. 

Contained in the tuned circuit cubicle are the main 
tuning condenser, grid feedback coil, R.F. selector 
switches, hose choke and the necessary auxiliary com- 
ponents. An aiameter indicates the R.F. current in 
the furnace coil. The furnace is connected to brisbars 
which project through the front of the cubicle and an 
alternative work position for heat-treatment may be 
provided at the back, if required. 

The hand tilting furnace comprises a water-cooled 
coil (1-2 gals./mia.) mounted in a box constructed of 
insulating material and fitted with trunnions for pouring 
about the lip axis. The charge is held in a crucible 
within the coil and packed round with insulating sand. 


Mr. H. Wesster, Chief Engineer at Thos. Firth and 
John Brown, Ltd., Seunthorpe Works, has joined 
Stewarts and Lloyds, Ltd., Corby. 


Left—General view of the equipment with the oscillator 


cubicle on the left and the tuned circuit cubicle behind the furnace on the right. Right—Pouring the molten charge. 
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Reviews of Current Literature 
MOULDS FOR PLASTICS 


By W. M. Halliday, 1949, 260 pages, illustrated ; published 
by The English Universities Press, Ltd., for Temple Press, 
Ltd., Bowling Green Lane, London, E.C.1. Price 30s net. 


THE author has recorded from his obviously extensive 
experience in the plastics industry, much valuable 
information for the mould designer, tool maker and 
maintenance engineer. The book must be of con- 
siderable assistance to all those connected with the 
manufacture of plastic components. To the metallurgist, 
the contents will have little, if any, appeal, apart from 
the third chapter—Mould Materials, their Requirements 
and General Treatment—much of which requires 
clarification, due not so much to incorrect statement, but 
rather to a certain degree of confusion in the recom- 
mendations made. 

Much good advice to the user is given in this chapter, 
in particular with regard to the specialised nature of 
the grades of steel used in tool and mould manufacture 
and the necessity for those in charge of mould production 
to leave themselves in the hands of reputable steel 
manufacturers. Such advice cannot be over-emphasised. 
The steelmaker can always supply an actual analysis of 
a consignment of steel (the stockist cannot) and is ever 
ready to point out the idiosyncrasies of some of the more 
complicated steels during heat-treatment—probably the 
most dangerous stage to be encountered during the 
manufacture of moulds and tools. As a further aid to 
the costly process of mould preparation, the necessity 
for avoiding the presence of sharp corners, from which 
designers seem quite unable to refrain, should have been 
much more emphatic. The possibility of cracking any 
intricate mould part or tool during the hardening 
operation is always present and every opportunity 
should be taken to eliminate this frequently unnecessary 
danger. Again, no mention is made of grinding cracks 
and the means for avoiding them. 

The main criticism, however, relates to the materials 
for use in mould manufacture—essentially the alloy steel 
group. The author wisely draws attention to the 
requirements of a mould steel and then deals with each 
feature at greater length. Unfortunately, he does not 
indicate to the uninitiated that only a few of these 
requirements can be met by any one material and that 
optimum conditions are a matter of compromise. The 
author states that he does not propose to enter into 
highly technical descriptions of the many grades of steel 
available, but he would have been well advised to have 
given a brief survey of the classes of steel available for 
specific purposes—for example, carburising, non- 
distorting, non-shrinking, corrosion- and _ abrasion- 
resistant steels—and so have avoided the confusion 
which exists in the text. The impression is given in 
more than one instance that most, or all, of these group 
can be carburised, whereas such is not the case. Again, 
no benefit will develop under corrosive conditions by the 
adoption of phosphor-bronze inserts. Mention should 
also be made of the use of the vague and irritating 
term “ steel alloy.” 

The above comments arise undoubtedly from the fact 
that the author is not a metallurgist. It is hoped, 
however, that he will appreciate them as incidental to 
his broad treatment and that they will be of assistance 
to him when writing a further edition of his book—a 
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service which, we feel sure, he will be called upon to 


perform. 
K. G. Lewis. 


MODERN METALLURGY OF ALLOYS 


By R. H. Harrington; 1948, xii + 209 . 49 illustra- 
tions and diagrams ; John Wiley & Sons, U.S.A., and Chapman 
& Hall, Ltd., Essex Street, London, W.C.2. Price 21 — net 
($3°50). 


Tus book proved somewhat difficult to review. Since 
it claimed to correlate modern theory with practical 
data, it was thought that at long last the practical 
adjunct to the many excellent treatises in modern 
theory, mostly of British origin, had arrived. Such a 
book would prove a boon to those practical metallurgists 
who, through no fault of their own, are only in occasional 
touch with modern developments and are thus not 
always able to visualise the current picture. Unfor- 
tunately, after attractive treatment of the practical 
aspect, the author becomes somewhat vague when leading 
up to the metallurgical aspect of alloying development— 
“The Metallurgist Looks at the Physics and Chemistry 
of Alloying.” In view of the previously mentioned 
object of the book, this chapter should have constituted 
the high-light of an attractively written volume, 
but such is not the case and the situation is not helped 
by the author’s tendency to indulge in the “ romance ” 
of his subject—a treatment which appears attractive in 
other parts of the book. The reviewer found con- 
siderable difficulty in following the author’s views on 
“the réle of strain ’’ and certain passages appear to be 
confused. Again, many metallurgists will not be able 
to follow the author’s impression of “ A Metallurgist’s 
Periodic Table ”’ until the descriptive matter is amplified. 
In any event, this chapter would appear to be in more 
correct perspective by transfer to a later stage, preferably 
after the study of the crystal chemistry of alloys. After 
the first chapter, there is some lack of continuity. 

Such comment is regrettable since the author has a 
very attractive style of presentation. The first chapter, 
modestly described as “ Heat-treatment definitions ” 
should be read by all metallurgists, In considering 
standard heat-treatment operations, no one can deny the 
logic of three separate main alloy fields—allotropic 
modifications (e.g., the iron-carbon diagram); the 
cold-worked solid solutions (e.g., the cold-rolled brasses) : 
and precipitation-hardening alloys (e.g., the copper- 
beryllium alloys). Only those parts of equilibrium 
diagrams which are related to the definitions are con- 
sidered. The next chapter, Equilibrium Diagrams, is 
also of interest, reactions being divided into, firstly, 
crystallisation and solidification from the molten state 
and, secondly, those taking place entirely within the 
solid state. The former, which covers a useful classifica- 
tion of alloy systems, is simple and attractive and each 
type of equilibrium diagram is accompanied by a 
diagrammatic impression of the variation in mechanical 
and electrical properties with composition. The treat- 
ment of reactions in the solid state is unfortunately less 
clear by comparison. 

With a certain amount of “ tidying up,” this volume 
could supply a much felt want in aligning current 
theory and practice. It should be mentioned, however, 
that it is not a book for the beginner, but rather for the 
student or practical metallurgist with an established 
background in physical metallurgy. K. G. L. 
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Resistance Welding Coated Steel 


THE October issue of the Welding Research supplement 
to the Transactions of the Institute of Welding contains 
a Report on “ An Evaluation of the Resistance Welding 
of Tin and Tin-Zine Alloy Coated Mild Steel Sheet,” 
by A. J. Hipperson, B.Sc. and P. M. Teanby, prepared 
as a result of experimental work done by the British 
Welding Research Association, sponsored by the Tin 
Research Institute. 

The application of resistance welding processes to 
the fabrication of light engineering assemblies often 
involves the problem of welding steel sheet which has 
previously been provided with thin electrolytically 
deposited metallic coatings. These coatings are intended 
either for protective purposes, or for the purpose of 
obtaining a good bond with paint which is subsequently 
applied, or both. 

It has been found in the past that the presence of 
certain metallic coatings on the surface of mild steel 
sheet tends to impair its resistance weldability, The 
major difficulties introduced are twofold, viz., con- 
tamination of the resistance welding electrodes with the 
coating material, and lack of contact resistance at the 
points where it is intended to produce resistance welds. 

No difficulty was encountered in flash welding any 
of the coated steels in the present work, and the proper- 
ties of the butt joints were comparable with those 
obtained in uncoated sheet. 

The production of spot welds in tin and tin-zine alloy 
coated sheet was found to be quite practicable, but 
closer attention had to be given to the selection of 
welding machine settings and to electrode maintenance 
than is necessary with uncoated sheet. Tin-zine alloy 
coatings were found to be better suited to spot welding 
than plain tin coatings. With plain tin coating, electrode 
life was much shorter, and adhesion of the electrode 
tips to the surface of the stock presented some difficulty. 
The presence of zinc in the coating appeared to improve 
weldability considerably, compared with plain tin 
coating. The use of fully automatic welding machines 
is desirable for welding coated steels, because the 
success which can be obtained with the process depends 
largely upon use of accurately controlled machine 
settings. 


The Journal of the British Cast Iron 
Research Association 


Tue Journal of Research and Development issued by the 
B.C.I.R.A. has ceased to be a confidential publication 
and is now generally available to non-members of the 
Association at home and abroad on subscription terms. 
This decision has been based chiefly on the large increase 
in membership of the Association. It is now felt that it 
is neither practicable nor desirable to maintain the 
confidential status of a journal which is so widely 
circulated. 

The Journal of Research and Development is published 
in alternate months, six issues a year, and the annual 
subscription is £2 or eight dollars, post free. The first 
number of Volume III appeared in August, 1949, and 
subscriptions will be accepted from this date and should 
be placed through the booksellers or addressed to the 
British Cast Iron Research Association, Alvechurch, 
Birmingham. While separate reprints of a few of the 
papers previously printed in the Journal may be avail- 
able, it is not possible to supply back issues to non- 
members owing to exhaustion of stocks. 


Beilby Memorial Awards 


From the interest derived from the invested capital of 
the Sir George Beilby Memorial Fund, at intervals to be 
determined by the administrators, representing the 
Royal Institute of Chemistry, the Society of Chemical 
Industry and the Institute of Metals, awards are made 
to British investigators in science to mark appreciation 
of records of distinguished work. Preference is given to 
investigations relating to the special interests of Sir 
George Beilby, including problems connected with fuel 
economy, chemical engineering and metallurgy, and 
awards are made, not on the result of any competition 
but in recognition of continuous work of exceptional 
merit, bearing evidence of distinct advancement in 
science and practice. 

In general, awards are not applicable to workers of 
established repute, but are granted as an encouragement 
to younger men who have done original independent 
work of exceptional merit over a period of years. In 
recent years the amount of each award has commonly 
been 100 guineas. 

Consideration will be given to the making of an award 
or awards from the Fund early in 1950 and the admini- 
strators will, therefore, be glad to have their attention 
drawn to outstanding work of the nature indicated, not 
later than December 31st, 1949. 

All communications on this subject should he 
addressed to the Convener, Administrators of the Sir 
George Beilby Memorial Fund, Royal Institute of 
Chemistry, 30, Russell Square, London, W.C.1. 


21 Years of Photo-Electric Equipment 


RaprovisoR Parent Co., Lrp., of 1, Stanhope Street, 
London, N.W.1, recently held a gathering to celebrate 
their 21st Anniversary, at which practical demonstra- 
tions were given of the many applications of their photo- 
electric and electronic control equipment. 

Founded in 1928, the company justly claims to be the 
pioneer firm in the design and manufacture of industrial 
photo-electric equipment. The 21 years of the firm’s 
existence have seen a rapid expansion in the use of photo- 
electric equipment and applications include burgiar 
and fire alarms; counting devices; smoke density 
indicators; height gauges for vehicles entering the 
Mersey Tunnel; Flamestats fitted to furnaces as a 
precaution against explosion due to flame failure ; 
safety guards on guillotines, presses, etc. In addition 
the photo-electric cell has proved to be exceedingly 
useful in building up of experimental equipment in the 
laboratory. 


For Optimum Hardness and Strength 
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Group Separations in Inorganic 
Qualitative Analysis 


IV—Organic Reagents and Spot Analysis 
By Francis R. M. McDonnell and Cecil L. Wilson 


Micro-chemistry Laboratory, Chemistry Department, The Queen’s University of Belfast 
Organic reagents can be used either as group precipitants or for the specific detection 


of individual cations. 


of organic reagents to inorganic qualitative 

analysis has been in two main directions. In the 
first place, some attempts have been made to utilise 
certain organic reagents as group precipitants. Secondly, 
other organic reagents, which investigations into 
specificity have singled out, have been applied first as 
confirmatory tests, and later as reagents which can be 
used with little or no preliminary separation. This latter 
procedure has been extended by including in addition 
any inorganic reagents which are suitable, and has 
resulted in the development of methods of analysis 
which are schematic only in the order of procedure, and 
which involve a minimum of separation into groups. 


Pyridine-Thiocyanate Complexes 

Two schemes have been put forward which depend to 
some extent on the insolubility of the pyridine- 
thiocyanate complexes formed by certain cations. 
After a preliminary investigation of several organic 
reagents as precipitants, including 8-hydroxyquinoline, 
cupferron, a-nitroso-8-naphthol and pyridine, Dobbins, 
Markham and Edwards! state that pyridine showed the 
most promise, and they list four properties which make 
it especially suitable. 

1. In aqueous solution it produces a mildly alkaline 
reaction, basic enough to precipitate the very insoluble 
hydroxides of iron, bismuth, lead, antimony, aluminium, 
chromium and tin, and yet not sufficiently basic to 
precipitate the more soluble hydroxides of copper, 
cobalt, nickel, cadmium and zinc. Further, it is not 
sufficiently alkaline to dissolve the amphoteric hydrox- 
ides of lead, aluminium, chromium, antimony and tin. 

2. It forms complexes with certain cations. 

3. With the thiocyanate ion these complexes form 
insoluble compounds in the case of the cations manganese, 
copper, cobalt, nickel, cadmium and zinc, the general 
structure of which may be represented 


[ve modern wide development of the application 


1 Dobbins, Markham and Edwards, J. Chem. Educ., 1939, 16, 94. 
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Proposals for their use are described, and are compared with 
the other schematic methods already outlined. 


N.C,H, 

N.C;H,—M—N.C,H, (CNS), 

| 
N.C,H; 

where M represents one of the cations in question. 

4. The insoluble complexes thus formed are decom- 
posed by ammonia, and are converted into the corres- 
ponding soluble ammonia complexes. (Manganese is an 


TABLE I. 
Acidify a solution of the cations with HNO,. Add H.O, 
to reduce CrO,” and MnO,,” then add dilute HCI. 
| 


| 
Resldve Filtrate 


Pb, Ag, Hg Add conc. HNO, and heat to oxidise 
As, Fe, Sb and Sn. Divide in three. 
| 
Portion 2 Portion 3 
Add ammonium Add SnCi,. Add NH,OH till alkaline, 
molybdate. White then HCI till just acid, then 


precipitate. pyridine-thiocyanate reagent. 


Yellow precipitate. 
- As Hg 
| 


Residue 


Filtrate 
Treat with ammonia and NH,CIl Add NH,OH r (NH,),CO, 


| | 
Filtrate Residue 


Resldve Filtrate 
Fe, Cr, Bi, Sb, Cu, Co, Ni, Ca, Sr, Ba Na, K, 
Pb, Sn, Al Cd, Zn, Mn Mg 


exception to this, being oxidised and precipitated as the 
dioxide). 

These properties permit the separation of copper, 
cobalt, cadmium, nickel and zine from iron, bismuth, 
lead, aluminium, chromium, antimony and manganese, 
all of which have been precipitated as hydroxides by the 
pyridine-thiocyanate reagent. 

The acidity is a critical factor in the pyridine- 
thiocyanate precipitation, If the solution is too alkaline 
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complexes of copper, cobalt, nickel, cadmium, mangan- 
ese and zinc, which are soluble in ammonia, will not be 
formed. On the other hand, if the acidity is too high, 
the mildly basic pyridine cannot precipitate the hydrox- 
ides of iron, lead, aluminium, chromium, antimony and 
tin. 

These principles have been embodied in a system of 
qualitative analysis shown in Table I, in which Group I 
is precipitated as usual. The cations mentioned above 
are precipitated as hydroxides and pyridine-thiocyanate 
complexes, the alkaline earths are precipitated as 
carbonates, and magnesium, sodium and potassium are 
left in solution. 

In the second scheme, presented in Table II, and due 
to Dobbins and Gilreath,’ use is also made of the phos- 
phate ion as a precipitating reagent, and of lactic acid 
as a complexing agent. The chloride group is removed as 
in the classical procedure. The addition of lactie acid 


TABLE Il. 
To a solution of the cations add HC! 


Residue Filtrate 
Pb, Ag, Hg Add lactic acid and monobasic ammonium 
phosphate 
Residue Filtrate 
Pb, Bi, Fe, Cr, Sn Add NH,OH 
Residue 
Al, Mn, Ba, Sr, Drive off NH,, make 
Ca, Mg very weakly acid with 
acetic acid. Add pyridine 
and NH,CNS 
| | 
Residue Filtrate 
Cu, Zn, Ni, Hg, Sb, 
Co, Cd As, Na, K 


and monobasic ammonium phosphate to the filtrate 
precipitates lead, bismuth, iron, chromium and tin as 
phosphates (tin as 8-stannic acid). Addition of ammonia 
then removes aluminium, manganese, barium, strontium, 
calcium and magnesium as phosphates. After adjusting 
the acidity, copper, zine, nickel, cobalt and cadmium 
can then be precipitated as _pyridine-thiocyanate 
complexes. Mercury, antimony, arsenic, sodium and 
potassium remain in solution. 

The solution containing monobasic ammonium phos- 
phate and lactic acid has a pH slightly less than. 4. This 
ensures that lead and bismuth are completely precipi- 
tated, while zinc, aluminium and manganese are held in 
solution by the increase in hydrogen ion veoncentration 
due to the lactic acid. Further, copper, nickel and 
cobalt, which would normally precipitate here, are held 
in solution as lactic acid complexes: antimony and 
mercury are complexed so strongly as to pass through 
to the last group. 

By these methods the authors claim to separate the 
phosphate groups completely. The scheme is worked 
out on a semi-micro scale. 

Xanthates 

Wenger, Duckert and Ankadji* make use of potassium 

ethyl xanthate (potassium ethyl dithiocarbonate). The 


2 Dobbins and Gilreath, thid,. 1945, 22, 119. 
3 Wenger, Duckert and Ankadji, Helr. Chim. Acta, 1945, 28, 1316, 1592. 
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reagent is not new. As early as 1900 the amyl xanthate 
was proposed by Grassini‘ for the identification of the 
cations in the two sulphide groups of the classical scheme. 
In 1926, Koten® suggested the reagent for microscopic 
qualitative analysis. Chamot and Mason® describe the 
type of precipitate obtained with the reagent in conjunc- 
tion with various cations in neutral solution, without, 
however, discussing the chemistry of the reactions. 

Wenger and his co-workers state that the xanthates 
of the cations can be divided broadly into two classes. 
The alkali metals and the alkaline earths appear to form 
simple salts which are soluble in water, and are not 
hydrolysed to any extent, being comparable with the 
alkali salts of mineral acids. Most of the remaining 
cations form complex xanthates of complicated structure, 
soluble in organic solvents. Several cations, however, 
do not appear to fall into either category, acting as if 
they were transitional from one type of xanthate to the 
other. The elements of this type are, generally speaking, 
those in Group III of the Periodic Table. 

In the actual scheme, which is given in Table IIT, 
silver, mercurous, thallium and lead are removed as the 
chlorides. Barium, strontium, calcium and the remainder 
of the lead are brought down by boiling with a slight 
excess of 10 N sulphuric acid. The normality of the 
solution is then adjusted to 2-3 N, which provides the 
optimum conditions for precipitation of the xanthates. 
This is effected by introducing the solid reagent into the 
warm solution. The following xanthates are precipi- 
tated: mercury, copper, bismuth arsenic, antimony, 
tin, gold, rhodium, palladium, osmium (in part) 
platinum, selenium, tellurium, molybdenum, rhenium, 
cobalt and nickel. 

TABLE Ili. 

To a solution of the cations add HCI 


| 
Residue 


Pb, Ag, Hg, Add 10 N H,SO, in slight excess 
Ti and boil. 
Residue Filtrate 


Adjust acidity to 2-3 N and 
warm. Add _ solid potassium 
ethy! xanthate. 


Pb, Ca, Sr, Ba 


Residue Filtrate 


Extract with hot alkali Add KOH 
hydroxide | 
Residue Filtrate 


Hg, Cu, Bi, Rh, 
Pb, Os, Co, Ni, 
Re 


As, Sb, Sn, Au, 
Pt, Se, Te, Mo 


Residue Filtrate 
Dissolve in HCI Ru, Os, Ir, V, 
Add NH,OH - NH,CI Al, Be, Ga, Zn 


Residue Filtrate 
Y, Ti, Th, Se, Cd, Te, Mn, Mg 
Mn, Ce, Fe, UO.,, TI 


This group is subdivided by the action of hot alkaline 
hydroxide, which converts the xanthates to sulphides, 


Grassini, L’Orosi, 1899, 22, 369; Chem. Zentr., 1990, 1, 922. 

5 Koten, Chem.-Anal., 1926, No, 48, Nov.—Dec. 

6 Chamot and Mason, Handbook of Chemical Microscopy, 2nd Ed. (Wiley), Vol. 
Il, 1940, 398, 
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and dissolves those of arsenic, antimony, tin, gold, 
platinum, selenium, tellurium and molybdenum. The 
remainder remains undissolved as in the classical 
separation of sulphides. 

The filtrate from this group, on treatment with 
potassium hydroxide, to decompose the soluble xanthates, 
precipitates the sulphides of cadmium, germanium, iron, 
uranyl, thallium and manganese as sulphides, and 
chrcmium, cerium, rhenium, vanadium, titanium, 
selenium and magnesium as hydroxides. This group is 
subdivided by dissolving the precipitate in hydrochloric 
acid and adding ammonia and ammonium chloride, 
when cadmium, tellurium, manganese and magnesium 
remain in solution. The other elements are precipitated 
as hydroxides. The filtrate from the potassium hydrox- 
ide precipitation contains ruthenium, osmium, iridium, 
vanadium, aluminium, beryllium, gallium and zine. 
Out of this aluminium, beryllium and gallium are 
precipitated as hydroxides. The alkali metals are 
detected in a fresh sample of solution, from which the 
other cations are removed with ammonia, ammonium 
chloride and sulphide. 

The authors also recommend dry ethyl alcohol to 
separate the chlorides of lithium and caesium from 
those of sodium, potassium and rubidium. Throughout, 
organic reagents are used as confirmatory tests on the 
resolved group precipitates. No indication is given as 
to the efficiency of the scheme. 


Spot Test Techniques 


Tananaev’ has given spot tests by which most of the 
elements of the first three analytical groups may be 
identified in the presence of each other. The reagents 
used do not present any novel features. It is, however, 
stated that by the subdivision of these cations, i.e. 
silver, mercury, lead, bismuth, copper, aluminium, iron, 
nickel, cobalt, manganese, chromium and zinc, a much 
better identification can be achieved. A precipitation 
of the cations as sulphides from alkaline solution, 
followed by separation through extraction by acids of 
different strengths, is suggested.® 

The same worker has since included all the commoner 
cations in his spot-test technique. He states that in 
addition to the escape from sulphuretted hydrogen, the 
technique is far more rapid and requires less material 
and reagents than the conventional method. For 
instance, the separations are carried out on a watch 
glass using filter paper or a capillary. 

It is further stated® that the removal of the phosphate 
ion is not in general necessary, except in testing for the 
alkali metals, antimony and tin: slight modifications 
are required, when a phosphate is present, in the tests 
for lead, aluminium, nickel and manganese. When 
necessary, its removal as phosphotungstate or phos- 
phomolybdate is recommended. 

A limited scheme of analysis involving this type of 
test has been proposed by Agostini'® for the metals of 
the first three groups whose chlorides are soluble in 
hydrochloric acid. This involves lead, arsenic, antimony, 
tin, mercury, bismuth, copper, cadmium, iron, alu- 
minium, chromium, manganese, zinc, cobalt and nickel. 
A method of analysis based on the same principle is 


Tananaev, Z. anorg. allgem. Chem., 1924, 140, 32". 

See also Part I, Metallurgia, 1948, 38, 116. 

Tananaev and Shulepova, Z. anal. Chem., 1935, 101, 179. 
0 Agostini, Ann. chim. appl., 1929, 19, 164. 
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put forward by Gutzeit,"’ who details special and selec- 
tive tests for all the common cations, several reagents, 
mostly organic, being provided for each. 

West and Smith’ have developed a spot test system 
for a large number of elements. Their approach to the 
problem is essentially practical, having been developed 
to provide a method of ore analysis in the field, where, 
previously, methods of identification were confined to 
blowpipe tests and a few specific reactions suitable only 
under certain conditions. By fusion of the material for 
analysis with sodium carbonate and sodium peroxide, 
and extraction with water and hydrochloric acid, or, if 
the material is soluble in water, by precipitation with 
sodium carbonate, a division of the cations into two 
groups is achieved. One of these contains aluminium, 
antimony, arsenic, beryllium, cerium, chromium, molyb- 
denum, potassium, selenium, tin, tungsten and vana- 
dium. In the other group we have barium, bismuth, 
cadmium, calcium, cobalt, copper, gold, iron, lead, 
magnesium, manganese, mercury, nickel, silver, stron- 
tium, titanium, uranium, zine and zirconium. Detailed 
methods of carrying out the tests are described. Certain 
anions are also partitioned by this method, and ions 
which would interfere with certain reactions are often 
removed. Under the conditions described, many of the 
tests are specific. The method is remarkable in being 
one of the very few proposed with a definite view to its 
ready application in very demanding circumstances, and 
it is so designed that it can be used under very. varying 
conditions. 

Limited procedures of this nature have also been put 
forward by Heller and Krumholz" for the cations silver, 
lead, tin, antimony, cadmium, bismuth, iron, alu- 
minium, chromium, cobalt and nickel. Feigl'* proposes 
spot tests for a number of insoluble substances. 

Apart from the fact that most of the methods of 
identification of cations by spot tests apply only to a 
limited number of cations, the existence of few really 
specific tests has prevented the widespread use of this 
type of scheme in qualitative analysis. If a foolproof 
scheme of individual testing could be evolved it would 
obviously have considerable value Som a strictly 
practical point of view. 


Conclusion 

Although more than a hundred years have passed 
since Fresenius designed his scheme of qualitative 
analysis, no alternative scheme dispensing with the 
sulphide ion, which would equal the sulphide scheme in 
efficiency, has yet been put forward or is likely to be put 
forward, according to Dobbins and Sovthern.'5 The 
same authors also claim that from considerations of 
solubility product valnes of the sulphates, hydroxides, 
carbonates and phosphates, no other equally efficient 
inorganic precipitating ion is available. However, by 
adjustment of pH and by complex formation, separations 
may be obtained which are equal to, and sometimes 
better than, those achieved in the classical procedure. 

Schemes depending on the properties of the metallic 
hydroxides, and separations at high alkalinities are not, 
according to Cornog'®, efficient, and schemes of this 
nature which have been proposed do not effect complete 
separations. It seems clear, therefore, that without pH 


1l Gutzeit, Helr. Chim. Acta, 1929, 12, 713. 

12 West and Smith, J. Chem. Educ., 1940, 17, 139. 

13 Heller ard Krumbolz, Wit., 1929, 7, 213; 1930, 8, 33. 
14 Feigl, thid., 1936, 20, 198. 

15 Dobbins and Southern, J. Chem. Educ., 1942, 19, 479. 
16 Cornog, thid., 1938, 1§, 420, 
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control or the use of complexing agents, schemes of 
analysis for the cations which dispense with sulphides 
are not particularly promising. 

We have already commented!’ on the drawbacks in 
the use of gaseous sulphuretted hydrogen or this gas in 
solution. The use of alkaline sulphides in acid solution 
is not particularly to be recommended owing to the 
excessive amount of free sulphur formed, and the very 
considerable difficulty of attaining the correct acidity 
in the acid-sulphide group of the classical scheme. 

Of the remaining reagents capable of producing a 
sulphide ion, only thioacetic acid and its derivatives, and 
sodium thiosulphate, have been investigated to any 
extent. Claims have been made'*®,?*,'® that both 
reagents give efficient separations : however, thioacetic 
acid is an extremely objectionable substance, and its 
use in an ordinary laboratory is out of the question. 
Sodium thiosuiphate, then, seems the only reasonable 
substitute for hydrogen sulphide to precipitate those 
cations whose sulphides are insoluble in acid solution. 

The only other alternatives to what might be called 
the classical precipitants are organic reagents. These 


17 Part II, Metallurgia, 1949, 39, 280. e 
18 Schiff and Tarugi, Ber., 1894, 27, 3437. ? 
19 Vortmann, Monatsh, Chem., 7, 416; B.C.A., 1886, 50, 1071. 


are only familiar of recent years, but it is possible that 
with further investigation they will prove of great value 
in the qualitative analysis of cations. Systems of 
analysis depending on specific tests for the cations have 
not, as yet, come into general use owing to the dearth 
of really specific tests. 

This general review shows clearly two points, the 
first, and most outstanding being the wisdom of Fresenius 
in his work of a century ago, in choosing as his reagent a 
substance which, although objectionable in many ways, 
has stood the test of time in a chemical sense. Secondly, 
it is possible that certain of the schemes outlined which 
do not use sulphuretted hydrogen as a reagent may 
prove worthy of further development for limited practical 
purposes. In other words, in such a field as the metal 
industries, elements which once were regarded as so 
rare that they could conveniently be omitted from an 
analytical scheme are now so common that they must be 
included. But certain elements neither are, or are likely 
to be, of common occurrence in these branches. Conse- 
quently, schemes with a well-defined practical applica- 
tion, but not necessarily coping with all the rarer 
elements, might well be developed, using as a basis some 
of the more attractive reagents described in this series of 
reviews. 


Microchemistry Group 


A JOINT meeting of the Microchemistry Group of 
the Society of Public Analysts and Other Analy- 
tical Chemists with the East Midlands Section of 
the Royal Institute of Chemistry was held in Nottingham 
Technical College on Thursday, September 22nd, 1949. 
From a wide variety of possible topics under the 
heading of ‘‘ Microchemical Balance Design,’’ Dr. G. F. 
Hodsman, of the Research Department of Messrs. L. 
Oertling, selected three features which showed the way 
in which the manufacturer met problems of design. 


Design Features and Manufacturers’ Problems 

Wear between balance bearings—knife edges and 
planes—is continually under study, and it is now clear 
that this wear takes place principally through a crushing 
of the knife-edge. This leads in turn to a collection of 
debris in the bearing, and thence to fouling and lack of 
reproducibility. In addition, the adjustment of the 
three knife-edges is no longer that carefully achieved by 
the manufacturer. 

The accuracy of cutting the notches in the rider bar 
which requires to be extremely high, has been improved 
recently by the introduction of a cutter which makes all 
the notches in one operation rather than by starting at 
one end of the rider bar and working to the other. 
Errors due to faulty placing of the rider relative to the 
notch can largely be avoided by the use of a quartz stick 
rider, though such a rider is difficult to manipulate. 

The new method of photo-elastic stress testing, 
which Dr. Hodsman demonstrated, enables the beam to 
be considerably lightened by permitting removal of 
portions of the beam which are free from stress in 
operation. Considerable advances from the use of this 
technique are to be expected. 

In specifying the performance of any balance two 
factors should be given, the deflection in millimetres per 
microgram and some indication of the reproducibility, 
such as probable error or standard deviation. 


Precision 

Mr. D. W. Wilson, of the Sir John Cass Technical 
Institute, opened his paper on ‘‘ Maintenance and Preci- 
sion of Microbalances’’ by a brief survey of problems 
of maintenance which often present themselves to 
the user. The importance of some quantitative measure 
of precision is not fully realised by many microbalance 
users. Probably the most useful measure proposed by 
statisticians is the standard deviation. Use of this term 
is complicated, however, by the fact that any series of 
weighings must properly be accompanied by a series of 
zeros, subject to the same type of random errors. In 
addition, most weighings carried out by the chemist are 
difference weighings, and finally, his result is usually 
expressed as what is in effect a quotient. All of these 
factors affect the original standard deviation, so that 
the standard deviation of a final result, and hence its 
precision, is quite different from, although related to the 
original value. 

The necessity for a standardised definition of precision 
and a standardised method of determining it, together 
with the quotation of it by the manufacturer, were also 
stressed by Mr. Wilson. 

The Ultramicro Balance 

Dr. C. L. Wilson, of the Queen’s University of Belfast, 
illustrated his paper on “ The Ultramicro Balance ” by 
a beam assembly constructed by methods which he 
described in detail, from quartz fibres varying in dia- 
meter from 5u to 200u. Such an assembly, in a relatively 
simple mechanism, was capable of giving a standard 
deviation of as little as 0-04 microgram, and could be 
used with samples up to 300 micrograms in weight. It 
was not possible to compare its performance with that 
of the balance of Kirk and co-workers, from which it 
was derived, but it appeared fairly certain that the 
simplifications in construction had not seriously affected 
its usefulness on this very low range. 
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SITUATIONS VACANT 


Classified Advertisements are inserted at the rate of 2/6 per line. 


Vacancies advertised are restricted to persons or employments excepted 
from the provisions of the Control of Engagement Order, 1947. 


HIEF CHEMIST required to take charge of Chemical and 

Sand Testing Laboratories. Knowledge of, and experience 
in, bath sampling and steel foundry sand testing procedures are 
desirable. A house will be provided for the successful candidate 
and applications providing full details of age, technical qualifica- 
tions and experience, together with an indication of the salary 
required should be forwarded to the Personnel Superintendent, 
K & L Steelfounders and Engineers Limited, Letchworth, Herts. 


ASSISTANT METALLURGIST for Engineering Works in 
Sheffield area, duties to include inspection and testing of 
important forgings and castings, some recognised metallurgical 
training essential. Write, stating age, experience, qualifications 
and marking envelopes ‘“ Metallurgist” to Box No. M.J.27, 
METALLURGIA, 31, King Street West, Manchester, 3. 


(CHIEF CHEMIST required with practical experience in 
Sheet Metal and Cast Iron Vitreous Enamelling ; conveyorised 
foundry producing Grey Iron and White Heart Malleable. 
Applicants must be able to go on production floor to co- 
operate with supervision on production problems. 
Apply stating age, experience and salary required to Secretary, 
Simplex Electric Co. Ltd., Oldbury, Birmingham. 


SALES ENGINEER 
SENIOR VACANCY EXISTS in the Technical Service 
Department of Henry Wiggin and Company, Limited, for 
a qualified engineer whose duties will be primarily connected 
with the sales development of specialised alloys for high- 
temperature service. 

A knowledge of high-temperature engineering, including gas 
turbine construction, will be advantageous, particularly if 
combined with a knowledge of metallurgical subjects. 

Applications in the first instance should be addressed to the 
Managing Director, Henry Wiggin and Company, Limited, 
Wiggin Street, Birmingham, 16, stating details of qualifications, 
experience and salary required. 


ENIOR METALLURGIST required to take charge of 

laboratory for production and research for factory specialising 

in cold working of ferrous and non-ferrous materials. Location : 

West Riding, Yorkshire. Box No. M.J.28, METALLURGIA, 
31, King Street West, Manchester, 3. 


XPERIENCED METALLURGIST required by well-known 
Midland Light Alloy Manufacturer for interesting work in 
Sales Development Department. Candidates must possess a 
University degree or equivalent and should preferably have 
had several years’ experience in wrought aluminium alloy 
manufacture. 

The position is a responsible one with scope for advancement 
and qualifies for Pension Scheme, and only those possessing 
the necessary qualifications and experience are asked to reply. 
Box No. M.J.29, Metatiureia, 31, King Street West, Man- 
chester, 3. 


ETALLURGIST required of graduate standard in Quality 
Control Department of Modern Steel Foundry situated in 
South Yorkshire. Preferably under 25 years of age—reply 
stating age, education, experience and salary required to: 
Box No. M.J.30, MeTatiurata, 31, King St. West, Manchester, 3. 


Zinc OXIDE TECHNICAL MANAGER for full charge 
of production and development required by important 
Midlands Manufacturer. Actual executive experience of Zinc 
Oxide manufacture and full knowledge of latest technical 
processes and applications essential. This is an important post 
carrying unusually attractive prospects, exceptional remunera- 
tion and later a seat on the Board for the right man. Box No. 
M.J.31, Metatiurcia, 31, King Street West, Manchester, 3. 
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SITUATIONS VACANT—coniinued 


ETALLURGISTS AND GRADUATE CHEMISTS required 

by the Bristol Aeroplane Co. Ltd. for technical control of 
works processes for developments in relation to the treatments 
of metal alloys. Minimum qualifications acceptable are a B.Sc. 
Degree or equivalent in Chemistry or Metallurgy. Apply in 
writing giving full details of qualifications and experience to 
Staff and Labour Manager, Aircraft Division, Filton House, 
Bristol. 


SOUTH AUSTRALIAN SCHOOL OF MINES AND 
INDUSTRIES 


Applications are invited for the following appointment at the 
School of Mines and Industries at Adelaide. 


LECTURER IN PHYSICAL METALLURGY 


Salary range £650-£750 p.a. (Australian currency). 
Commencing salary according to qualifications. 
Duties : 

Appointee will work under the general direction of the Professor 
of Mining and Metallurgy, and will be required to give lectures 
and supervise advanced laboratory work in this subject and 
exercise general supervision over all tuition in secondary 
Metallurgy. 

The position carries liberal sick leave and superannuation 
benefits and facilities are available for research, which is en- 
couraged, At the completion of every six years of continuous 
service, officers may apply for leave not exceeding one year to 
pursue advanced studies in the Commonwealth or abroad. 
Financial assistance for this advanced study may be given at 
the diseretion of the Council. Successful applicants will be 
expected to take up duties not later than January, 1950. First- 
class steamer fare will be paid subject to an undertaking to 
remain for not less than three years in the employ of the Council. 

Applications must include date of birth, nationality, academic 
record, post-graduate record, practical experience, present 
position, war service (if any), and be accompanied by copies 
of testimonials and the names of at least two referees, a recent 
photograph and a medical certificate of good health. 

Applications close on the 3lst October, 1949, and may be 
lodged with the GENERAL for SourH AustTRaLiA, Souru 
AvustTRALIA House, MarsBie Arcu, Lonpon, W.1, from whom 
further information can be obtained, or forwarded direct to 
the Principat, ScHoot or MINEs, ADELAIDE. 


PATENTS FOR SALE OR LICENCE 


HE PROPRIETORS of British Patent No, 57 8,455, for 
‘‘Improved Construction of Spray Gun for Gas Blast, 
Spraying Heat-Fusible Materials,’ invite enquiries from persons 
interested in the exploitation of the invention in this Country, 
or the acquisition of Licences under the Patents. Copies of the 
specification can be obtained on request from Wm. Brookes and 
Son, No. 1, Quality Court, Chancery Lane, London, W.C.2. 


MACHINERY WANTED 


WANTED — Vickers Pyramid Hardness Testing Machine 
offers to John Rigby and Sons, Low Moor, Bradford. 


AGENTS WANTED 
ANUFACTURERS of Aluminium Alloy ingots in the 
Midlands invite applications for live agents with established 
connections for all areas. Apply in confidence. Box No, M.J.32, 
METALLURGIA, 31, King Street West, Manchester, 3. 


FOR SALE 

LUMINIUM AND ALUMINIUM ALLOY SHEETS, 10-30g. 
Also bars, tubes and sections. Brass strip and rods. Copper, 
sheet and strip. Immediate delivery from stock. Almex, Ltd., 
Imperial Works, Watery Lane, Birmingham. 9. 
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Even the most highly trained hands are useless 
unless they are healthy hands — hands that are 
free from dermatitis. 


Where hands have to handle industrial irritants — 
sand, solvents, moulding and cutting oils—Rozalex 
acts as a barrier against skin troubles. Rozalex, applied 
very easily and unnoticeable when applied, has raised 
output in many a factory, not only by eliminating lost 
time and laid-off workers, but also by eliminating the 
fear of trouble among the workpeople. There is a 
type of Rozalex effective against almost every known 
industrial irritant. Our technical representative is at 
your service. Write to Rozalex Ltd., 10 Norfolk St., 
Manchester 2. 


ENGINEERS 


DONT FORGET... 


that our new comprehensive 
36-page technical brochure 
will shortly be pub- 
lished and chat it will 
contain full information of 
how “ COG-WHEEL” 
Brand PHOSPHOR 
BRONZES nd other 
NON-FERROUS 
ALLOYS in Ingots, Cas- 
tings, Solid and Cored 
Sticks, etc. can be applied 
to your individual re- 
quirements. 


youR 


We clso specialise in Centrifuge! Castings 
and Acid Resisting Alloys including Monel. 


THE 
PHOSPHOR BRONZE CO, LTD: 
BRADFORD ST.. BIRMINGHAM 5. 
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AN INCANDESCENT SERIES X 
ENDOTHERMIC GENERATO 
AND CONTROL PAN 


London Office - \6, GROSVENOR PLACE .$S.W:sl. TELEPHONE SLOANE 7803 & 9818 
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SUPER HOLFOS is produced by carefully controlled and 
perfected casting methods. Its physical characteristics - high 
compressive strength, high load carrying capacity and a low 
friction coefficient - give it particular suitability to special and 
general gear-applications. The plant, layout and research facilities 
at the Holfos factory are developed to the very latest degree of 
modernity and are capable of producing a wide variety of 


bronze castings by the most efficient methods. 


Bronze Wormwheel!s Centritagally Cast 


Percy Brothers, Limited, The Hotspur Press, Lendon: “bay 
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